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INTRODUCTION
R, W. Matthews

Thls course, "The Fundamentals of Traffic Signal Design and
. Operation" is patterned after a similar course recently presented
v at the ITTE in Richmond. It 1s different in that the policies,
practlces, and procedures unique to the Division of Highﬁays are

covered,

You won't be classified as a "signal expert" when you complete
thls course but you will have.some knowledge of the ianguage,
the problems, the degree of sophlstication and the procedures

involved in installing a traffic signal.

Why do we install signals? The main reason is to provide the
orderly assignment of right of way to the various traffic

movements,

Contrary to common belief, traffic control signals do not always
increase safety and reduce delay. Experience shows that the
number of right-angle collisions may decrease after the installa-
N tion of signals, but the number of rear-end collisions will in-
crease in many instances. The installation of signals may also
increase overall delay and reduce intersection capaclty. Conse-
quently, 1t is of the utmost importance that the consideration ol
a signal installation and the selection of equlpment be preceded
by a thorough study of traffic-and'roédﬁé§'conditioné made by an

englneer experienced and trained in this field. Equally important

¢
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'1s the need for checking the efficiency of a traffic control
signal in operation. This determines the degree to which the

- type of installaﬁion and the timing program meets the require-

ments of traffic;

When Justified aﬁd properly designed, a traffic.signal installa-

tion may achievé;these results:

(a) Redﬁce the ffequency of certaln types of accidents;

(b) Effect orderly traffic movement;

(e) "By proper cogrdination,'ensure the continuous or nearly
continuous flow of traffic at a definite speed along a
given route;’

(d) Allow other‘;ehicles and pedestrians to cross a continuous
fraffic stream; ang

(e) Ccontrol traffic more.economically than by manual methods.

Unjustified, illldésigned, improperly operated, or poorly

~ maintained traffic control signals may cause:

(2) Increased accident freguency,

(b) Excessive deiay,

(¢) Disregard of;signal indications, and

(d) Circuiltous ¢ravel by alternate routes.

Our Statewlde rebord 18 not too bad since it indicates a 20 percent

reduction in accidents after the installation of signals on the

average.

How does a signal project get started?

C\M)PD“ www fastio.com
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Usually, a local agency requests the installation of a signal at
& particular intersection on the State highway. However, the
request could come from an individual. The Traffic Department
sends out lnvestigators to determine the condltions at the
intersection. This includes a traffic count of both vehicles
and pedestrians, a diagram of exlsting conditions, a diagram of
the proposed Improvements, estimated cost, an accident diagram
and other pertinent items as listed in the Traffic Manual. The
Trafflc Report on projects ($100,000 or less) is approved by the
District Engineer. A copy ‘of the approved report 1s sent to
Headquarters. The District Traffic Department then prepares a
Preliminary Report, plans, specifications, and estimate and sends
this material to Headquarters along with any necessary executed

agreements with local agencies.

At each monthly meeting of the Highway Commission a number of

signal projects are presented for consideration of financing,.

After the financing has been arranged, the plans, specifications
and estimate are finalized and the project advertised for competi-

tive bidding.

Such procedures result in the installation or modification of

about 300 signals per year at an annual cost of about $8,000,000.

The cost of a new traffic signal at an existing intersectiqn on

the State Highway System is shared by the State and the local
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agency on a pro rata basis in the same ratio as the number of legs
in the 1ntersection under each Jurlsdiction bears to the total

' number of legs.

The cost of a néﬁ traffic signal on a relocated highway or a

reconstructed highway is borne entirely by the State.

The cost of néw:51gnals at the intersectlon of freeway ramps with
local roads is bérne 100% by the State if such improvements are

warranted at the time the freeway 1s to be opened to traffic.

It is often difficult, however, to accurately predict the traffic
pattern at the time of freeway design. Therefore, the need for

signals at the ramp connections-to local roads cannot always be

anticipated.

Ir traffic conge%tion occurs within 5 years after the date of

© completion of fhg freéwa& to the extent that the interchange does

| not operate in the manner intendéd, and signal warrants are met,
it is the pollcy to provide within the interchange area, signals,
lighting, channéiizatibn or roadway widening as necessary to
facilitate the flow of traffic through the interchange. This work
is done entlrely at State expense in the same manner as it would
have been done ﬁad it been planned in the originai freeway project.
This includes ﬁidening of all roadway approaches to the proposed
signalized ramp intersections in accordance with present design

practice entirel& at State expense regardless of the Jurisdictions

involved.
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Frontage roads or portions of frontage roads which serve as

connections between ramps to or from the freeway and existing

public roads and which are retained in- the custody of the State
for maintenance and operation shall be considered as freeway

ramps and signals financed accordingly.

In designing a freeway 1t is frequently recognized that there
wlll be a change in the traffic pattern or traffic circulation
on local roads in the area. It is often necessary to install
traffic signals at local road intersections which are not on the
State Highway System. This can be done entirely at State ex-
pense if it 13 inecluded as a part of the freewa& project. State

funds are not used for such purposes if the need for signals

develops at a later date.

www . fastio.com


http://www.fastio.com/

ChhPD

VOCABULARY

To beét understahd the details of traffic signals, we should
first become acquainted with the traffic signal vocabulary.

The following terms are arranged in a logical order rather than
in an alphabetical order:

A. REFERENCES

1. DivisionQ-In this course, the term "Division" refers to
the California Division of Highways. '

'2} Codé—-In“this chapter, the term "Code" refers to the
California Vehicle Code. '

B. TRAFFIC CONTROL TERMS (GENERAL)

1. Traffic Control Device-~Any sign, pavement marking or
electrically operated device used to control, regulate
or direct vehicular or pedestrian traffic.

2. Traffic Movement--A flow of vehicles or pedestrians in
one direction.

3. Approach--The roadway carrying a single vehicular traffic
movement approaching an intersection. An approach can
consist of one or more traffic lanes. At the intersection
of two 2-way streets, each street consists of two approaches.
A one-way street would be one approach, as would the "stem"
of a T-intersection. :

4. Major Street--The approach or approaches to an intersection
considered to be the most important, usually because they
carry the greater number of vehicles.

5. Minor Stfeet--The approach or approaches to an intersection
considered to be the least important, usually because they
carry a lesser volume of vehicles. -

6. Right of Way--The privilege given to a particular traffic
movement to immediately enter and pass through an inter- -
section. This privilege may be provided by either a "rules-
of-the-road statute” or by a traffic control device and is
subject to certain limitations as governed by the Code.

C. TRAFFIC SIGNAL TERMS

1. Traffic Signal--The term "traffic signal” shall refer to
the complete installation of electrically operated traffic
control devices at one intersection.

2. Traffic Signal System—-A group of traffic signals electrically
interconnected for coordination purposes.

wavwfastio.com
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Traffic Signal Coordination System-—The system providing

coordination of two or more traffic signals.

Signal Indication--A particular message or message symbol

displayed to a traffic movement by an electrically operated
traffic control device. These devices are generally either
internally illuminated colored lens units or traffic signs.
The term "traffic sign" refers to the gas-filled tubing
signs or internally illuminated cut-out letter signs used
for pedestrian signals or for such other indications such
as "WALK", "NO LEFT TURN" or "PREPARE TQO STOP".

Green Indication--The "right-of-way” indication displayed
to vehicle drivers signifying that a driver may proceed
straight through or turn right or left unless a sign pro-
hibits either turn. All such movements are also governed
by the right-of-way rules included in the Code.

Yellow Indication--The indication displayed to vehicle
drivers signifying that they should clear the intersection
or stop at the stop bar and that a red indication is about
to be displayed. The indication is not used to follow a
green arrow (see below).

Red Indication--The indication displayed to vehicle drivers
signifying that a driver must stop until the green indication
is shown. (Right and left turns may be made after stopping
under the conditions stated in the Codel.)

Green Arrow Indication--The "right-of-way"indication dis-
played to vehicle drivers signifying that a driver may
enter the intersection to turn in the direction indicated.
The Division uses the green arrow only for so called
"fully" protected movements". That is, there are no other
movements in conflict with the turning movement while the
green arrow is shown, except pedestrians and permitted
U-turns versus right green arrows.

Yellow Arrow Indication--The indication is used to follow
a green arrow 1indication displayed simultaneously with a
red indication.

Flashing Yellow Indication-~The "caution" indication dis-
played to vehicle drivers signifying that a driver may
proceed through the 1ntersect10n with more than ordinary
caution.

Flashing Red .Indication--The indication displayed to vehicle
drivers signifying that a driver must stop and then may
proceed through the intersection with extreme caution.
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i12. All Red Indication--Same as a red indication, except that
all traffic movements must stop.

13. ‘"walk" In&icationé—The indication displayed to pedestrians
signifying that a pedestrian may leave the curb and enter
the corresponding crosswalk. -

15. Flashing "Don't Walk" Indication--The "Protection” indication
displayed to pedestrians signifying that a pedestrian within
the crosswalk may continue crossing but that he should not
leave the curb to begin crossing.

B

15. Steady "Don't Walk" Indication--The indication displayed
to pedestrians signifying that a pedestrian must wait at
the curb until the "Walk" indication is shown.

16. §%gnal Indication Sequence--The predetermined order in
which signal indications appear for a traffic movement.
The standard sequence of signal indications displayed to
a vehicular movement is green-yellow-red. The standard
sequence of signal indications displayed to a pedestrian
movement is "WALK" - Flashing "DON'T WALK" - Steady "DON'T
WALK".

N
17. Signal Indication Interval--The length of time that a given
signal indication is displayed, i.e. green indication
interval and yellow indication interval. ' (Usually simply
"interval"). '

- 18, Signal Section--The conventional coclored lens unit with
incandescent lamp and reflector which provides one signal
indication to a single traffic movement, such as green,
yellow, red or green arrow.

19. Signal Face--An assembly of one or more signal sections
: used to provide signal indications to a single traffic
movement. A signal face is usually composed of three
sections.

If the face is vertical the red is at the top, yellow in
the middle and green at the bottom. If the section is
horizontal the red is at the left, yellow in the middle
and green at the right.

20. Signal Head--An assembly of one or more signal faces pro-
viding signal indications to one or more traffic movements.
A one-face signal head would be referred to as "one-way" .,
a three-face as "three-way", etc.

21. Traffic Phase--The traffic movement or combination of non-
conflicting, and in some cases legally conflicting,
(certain pedestrian traffic movements may legally conflict

ClihPD www.fastio.com
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with certain vehicular traffic movements. In many instances,
a traffic phase will include left~turn movements in conflict
with the through movements. Right of way in these cases is
governed by the Code) traffic movements controlled by a
traffic signal and receiving the green signal indications

at the same time. Note, however, that two actuated, non-
conflicting traffic phases may occur together. See "Con-
current Actuated Traffic Phases".

. 22. Pretimed Traffic Phase-~A traffic phase having a predeter-
mined green indication interval.

23. Time Cycle-~-~The time expressed in seconds required for a
: complete sequence of pretimed traffic phases.

24. Traffic Phase Sequence--The fixed order in which pretimed
traffic phases occur during a time cycle.

25. Actuated Traffic Phase--A traffic phase having a green
" indication interval which varies with the traffic demand.
If there is no traffic demand the phase is skipped.

26. Nonactuated Traffic Phase--A traffic phase which precedes
one or more actuated traffic phases and having a predeter-
mined minimum green indication interval which must expire
before one of the actuated traffic phases can occur.

27. Preferential Traffic Phase Sequence--The order in which
actuated traffic phases occur if there is a steady demand
for all phases,

28. Concurrent Actuated Traffic Phases--Independent but non-
conflicting actuated traffic phases which are allowed to
occur at the same time if there is simultaneous demand
for each phase. The most common example is that of
independent actuated left-turn phases which may occur
together.

29, Overlapped Traffic Movement--A traffic movement which is

- given extra time during a nonconflicting phase which
~ precedes or follows the main phase including that sane
traffic movement. A common example is that of the through
movement overlap with the nonconflicting independent left-
turn phase.

With actuated traffic signals, the overlapped movement
detectors should be ineffective during the nonconflicting
phase. For this reason, the overlapped movement is not an
actuated, concurrent traffic phase.

(This is commonly and improperly referred to as "Phase
Overlap".)

ClibPDF - www .fastio.com
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30. Overlappéa Signal Indication--A gréen indication which
Ffunctions. on more than one traffic phase.

BASIC CONTROLLER TERMS

l. Traffic Signal Controller--~The controller is the complete
electrical mechanism for controlling the operation of
traffic signals.

Physically, the controller consists of a timing unit
(controllexr unit) with auxiliary equlpment installed
in a weather—proof cabinet.

Functionally, the controller operates various electric

traffic control devices so as to provide right of way,

clearance and other signal lndlcatlons with appropriate
duration ‘and sequence.

2. Controller Unit--The basic timing unit of a traffic signal
controller with its manually variable program controls,
exclusive of the auxiliary equipment and cabinet.

3. Pretimed Controller Unit--A controller unit which provides
timing for pretimed traffic phases.

4. Traffic-Actuated Controller Unit--A controller unit which
accepts detector inputs from and provides timing for
actuated traffic phases.

5. Semi-Actuated Controller Unit--A controller unit which
provides timing for one non-actuated traffic phase and
inputs and timing for one or more actuated traffic phases.

6. Phase Section (Controller Phase)--That electrical portion
of a traffic-actuated controller unit which provides control
of signal indications for a single actuated or nonactuated
traffic phase.

Note that the terms "Controller Phase" and "Traffic Phase"
have different meanings. When the Traffic Engineer uses
the loose term "phase" he usually means "traffic phase".
When the controller unit manufacturer uses the term "phase”
he may mean "controller phase section" as defined above or
he may mean "controller phase green interval",

7. Auxiliary Movement Controller Unit—-An auxiliary single-

’ phase section controllexr unit used with a two or more
phase-section controller unit for the purpose of providing
an additional actuated traffic phase.

8. Detector--A device which serves to register electrically
either the passage or the presence of vehicles to a traffic-
actuated: controller unit.

wavwfastio.com
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Directional Detector--A detector which is designed to
respond only to traftfic passing over it in one direction.

Presence Detector--A detector which is aesigned to indicate
the presence of a vehicle within a certain area of roadway.

Speed Detector--A detector which is designed to measure the
speed of an approaching vehicle. As presently used, a speed
detector registers an input to a controller only when the
speed of the vehicle exceeds a value set into the detector.

Pedestrian Detector--A device, normally a push button, used
to register the presence of a pedestrian to a controller.

Calling Detector--A detector located closer to the inter-

section than the normal detectors for the approach and
designed to respond only to vehicles entering the approach
quite near to the intersection.
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TRAFFIC SIGNAL WARRANTS

Advance engineering data regquired.
a. Vehicle count, hourly.
(L) 10 hrs.-16 hrs. of a "typical" representative day.

'(2) Include turning movements.

" b. Pedestrian count, during same hours as vehicle

(1} cf%ssify as "school age" if possibility of
meétinq "school Xing" warrant.
(2) Cléssify as "over 66“ if it appears to have
| a heavy "senior citizen" volume - where greater
than normal pedestrian time may be reguired.
C. .85—perc;ntilé speed of approaching traffic
d. Condition diagram of the physical features of the

intersection.

"e. Collision diagram

2.

wavwfastio.com

f. Special studies
(1) Déiay to vehicles on side street
(2) Ndﬁber and distribution of gaps on major street

(3) ﬁe}ay to pedestrians

Traffic sighals‘should not be installed unless ONE or
more of the following warrants are met:

Warrant 1

Minimum Vehicular volume

Warrant 2

Interruption of Continuous Traffic
Warrant 3 - Minimum Pedestrian Volume
Warrant:4 - School: Crossings

Warrant 5 -~ Progressive Movement

l\)
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Warrant 6 - Acciaent Experience
Warrant 7 - Systems )
Warrant 8 - Combination of:Wﬁrrahpgl'
.If the above warrants are not met, .a traffic sigﬁal should

not be placed in operation, or an existing signal continued

in operation.

Warrant 1 - Minimum Vehicular Warrant
This warrant is satisfied when, for EACH of any eight hours
of an average day, the_following volumes exist on the major
street and on the higher volume minor street approach to
the intersection.
1. The "major street" is not always the State highway.
2. The major and minor street volumes must‘be for the

same hours.

.. Warrant 2 - Interruption of Continuous Traffic
This warrant applies to conditions where the tfaffic volume
on the major street is so heavy thét the traffic on the
minor street suffers excessive delay or hazard iﬂ entering
]  or crossing the major street.
When using this warrant, it is often a requirement to make

‘a delay study to see if the signals are needeéd.

A signal installed under this warrant must not seriously

disrupt the progressive flow on the major street.

ClibPDF - www .fastio.com


http://www.fastio.com/

..‘/4_

Warrant 3 - Minimum Pedestrian Volume

This warrant is satlsfled when, for EACH of any eight hours
of an average day, the follow1ng traffic volumes exist:
1. Major street has 600 vehicles per hour of entering
traffic;,or if a 4-foot wide raised median exists the
voluma“must be 1,000 vehicles perx hsﬁr - AND -
2. There are 150 or more pedestrians on the highest
volume crosswalk crossing the major street.
. 3. The '70% figure applies for “rural® areas.
4. Signal’ systems installed under this warrant shall be

equlppsd with "WALK - DON'T WALK" indications.
' Warrant 4 —,Scﬁool crossing

‘The warrants for School Area Traffic Signal Controls have .
been established by the California Traffic Control Devices
Committee. These warrants are listed in Section 10-06 of

the Traffic Manual.

This warrant is met when the volume on the major street is
500 vehicles per hour and there are 100 school-age pedestrians
‘attempting to cross the major street during the same two-hour -

interval, or:;

There are SOO school-age pedestrians auring the entire
day and the vehicle volume is 500 cars per hour while

children . are crossing to or from school.

The rural warrant is 70% of the above urban warrant.

ClibPD www fastio.com
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‘Warrant 5 - Progressive Movement

The Progressive Movement Warrant is to be used in those

locations where it is desirable to maintain proper grouping

of vehicles and effectively regulate group speed.

The installation of a signal according to this warrant

should not be considered where the resultant signal

spacing would be less than 1,000 feet.

Warrant 6 - Accident Experience

The Accident Experience Warrant is satisfied when:

1.

An adequate trial of less restrictive remedies has
failed to reduce the accident frequency; and |

Five or more reported accidents, of types susceptible
to cdrrection by traffic signal control, have occurred
within a 12-month period. This 12-month period can be
any consecutive 1l2-month period during the 24-month
period preceding the date of the Traffic Report; and
The traffic volume is not less than 80 percent of the
requirements in Warrant 1 or 2; and |

The signal will not seriously disrupt progressive

traffie flow.

Warrant 7 - Systems Warrant

www fastio.com

The stated purpose of this warrant is to "...encourage

concentration and organization of traffic flow networks.”
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The warrant apblies to the intersection of two major routes

"Major Route™ is defined in the MUTCD.

The Division of Highways is not involved in "traffic flow

networks", thus this warrant should not be used on State

highways.
Warrant 8 - Combination of Warrants
In exceptional cases, signals may be justified where no

s;ngle warrant 1s met but where two or more of Warrants

1, 2 and 3 are satisfied to the extent of 80 percent or

more of the stated values.
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TRAFFIC 5IGNAL WARRANTS

Q3 SAC '50 L. 54 CALG A.B.C, DATE _l_:__g_'_E
DISY o RTE P cHK X Y. 2. DATE -4 -
Maior. St: - _EQ_I-.S_Q_M__BJ-.ND- Critical Approach Speed 25 _ mph

Minor st __QE_tb__SIE.EEE___ Critical Approach Speed 5 mph

Critical speed of majorstreet traffic 2 40 mph

-------------

- or ¢+ RURAL (R)
in buiit up area of isolated community of < 10,000 pop. == ===-<-< W)

, X URBAN (U)

WARRANT 1 — Minimum Vehicular Volume

Satisfied Ye‘sﬁ No [J

Minimum Reqguirements

£OQ o
U R 0
s, & o 9, & o 2] )
APPROACH g ) ) Q \J
LAKES 1 &/ &/ &/ N/ & \‘J / N A/ Hour
Major Street 500 | 350 420 | /8500 | 1700 | So0 |Fo0 |7300 | 21006 | 1500 /ao_;‘
Minor Street 150 | 105 | [ 200 § 140 “5’00 Soo {380 | oo |00 |6R0 | 640|630 “

NOTE: Left tumn movements from Major St. included when L T-phasing is proposed []

WARRANT 2 — Interruption of Continuous Traffic

satistied  ves}  No [J

Minimum Requirements

h ' DO o
u R U R 0 O .
‘ \ e 0 o o
APP ; A o &
LabEs 1 2ormore XN Q &/ 3‘ ¥ W @ Qﬁ &/ Hour
Major Street 750 | 525 900 ) 630 ‘ /Son | /oo |dbo | §oo | sdoo | /700 /Soo | /S00
Minor Street 75 53 100 TOJ &oo |spo [IS0 oo | 6Oo |60 | G6¥0 &30

NOTE: Left tum movements from Major St. included when L 7-phasing is proposed O
WARRANT 3 — Minimum Pedestrian Volume .

satistied  Yes{] No X

| Minimum Requirements |

S S Sy e TGP G

No Median 600 420 l’ .
Raised /Soa | os | 880 | 900 o0 (1o
‘4" Median @ 700 o | /980 | /900

Pedsgins | Goo) 10|22 |& |7 |97 |%

Major Street
Volume

.4 7 “f
MIDBLOCK SIGNAL PROPOSED D
MIN, REQUIREMENT DISTANCE TO NEAREST ESTABUSHED CROSSWALK
. ves [
150 Feet N/E oot S/W eoem— 1t | Satistied
No D

WARRANT 4 -~ Schoo! Crossings

Not Applicable ‘ﬁ

: m
-www fastio.com
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AANT 5 — Progressive Movement

s

WARRANT 8 — Combination of Warrants

satisfied Yes[] No X,

/8

" MINIMUM REQUIREMENTS DISTANCE TO NEAREST SIGNAL
S 1000t | N_ZAZZ, § ZAe0_it, E590 11, W./2e0 gt | Not Satisfied []

ON ISOLATED ONE WAY ST.OR ST. WITH ONE WAY TRAFFIC SIGNIFICANCE. ADJACENT SIGNALS
ARE SO FAR APART THAT NECESSARY PLATOONING & SPEED CONTROL WOULD BE LOST

— e P Sm mE e e W S e G SEE mmn S — A et AE T Em e g A L - W - S — . i

OHN 2-WAY 5T WHERE ADAJACENT SIGNALS DO NOT PROVIDE HECESSARY PLATOONING &
SPEED CONTROL, FROPOSED SIGNALS COULD CONSTITUTE A PROGRESSIVE SIGNAL SYSTEM

EI.. Fulfilled .
0 Not Satisfied ‘

Satisfied
WARRANT 6 — Accident.Experience “ Yes No
® O - ~
SIGNAL WILL NOT SERIOUSLY DISRUPT PROGRESSIVE TRAFFIC FLOW K O *
ADEQUATE TRIAL OF LESS RESTRICTIVE REMEDIES HAS FAILED TO REDUCE ACC. FREQ. p} 0O . -
ACC WITHIN A 12 MO, PERIOD SUSCEPTIBELE OF CORR.& INVOLVING INJURY OR>S100 DAMAGE
__MINIMUM_REQUIREMENT . HUMBER OF ACCIDENTS 4 I 1
. 5 ORMORE A o
_ _MINIMUM VOLUME REQUIREMENT _ _ __ __ SATISFIED
WARRANT 1 = MINIMUM VEHICULAR VOLUME %
80 % - - R —————-:————.—.-————————-——.———-/-Qa-——?_ -
omuonzor  |uamaanrz - wresmueTion of contmuous e | roo % | B U
"} WARRANT 3 = MINIMUM PEDESTRIAN VOLUME % .

WARRANT 7 — Systems Warrant

Satisfied Yes[]

MINIMUM VOLUME o
REQUIREMEN T ENTERING VOLUMES - ALL APPROACHES

[ Not Satistied

" DURING TYPICAL WEEKDAY PEAK HOUR D
80D VEH/HR | oo e eV R HR L _or--} Fuilfilled
VEH FOR EACH SATURDAY AND/OR SUNDAY D
OF ANY 5 HRSOFA

No&

CHARACTERISTICS OF MAJOR ROUTES

MAIGR ST MINOR ST

Bl Not satisfied

PART OF H\’LY SYSTEM SERVING AS PRINCIPLE NETWORK FOR THROUGH TFC
CONNECTS AREAS OF PRINCIPLE TRAFFIC GENERATION

e . ———— —— i P v - — i —— o il S Y o — ——— ]

. S . WG S A A S T T e M S S S S i 4ok S S el S o Sk S S

_&U_Rj_l:_?_B_SEEIg_R_BﬁN IiW_\_’_?ETSbe OF, ENTERING, OR TRAVELING A CITY

APPEARS AS MAJOR ROUTE ON AN OFFICIAL PLAN

ANY MAJOR ROUTE CHARACTERISTICS MET, BOTH 575,

O & 3

Fulfilled

Satisfied Yesﬁ No [} : -

REQUIREMENT WARRANT | saTisFien

1
TWO WARRANTS |t = MINIMUM VEHICULAR VOLUME 1 /OO

%

SATISFIED

80% OR MORE 2 -~ INTERRUPTION OF CONTINUOUS TRAFFId LSOO

3 — MINIMUM PEDESTRIAN VOLUME !

%
%

The-saﬁsfacrion of a warrant is not necessarily justification for signals. Delay, congestion,
conlusion or other evidence of the need lor right of way assignment must be shown.

I1ARTII/TH
SUI0.COM
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TRAFFIC SiGNAL WARRANTS

/T

CALC DATE
DIST [ =] -RTE PM CHK DATE
Major St: Critical Approach Speed mph
Minor St: Criticai Approach Speed mph
Critical speed of majorstreet traffic 2 40 mph==a-- e O
OR RURAL (R)
In built up area of isolated community of < 10,000 pop, =-=--==---
[0 URBAN (U)
WARRANT 1 — Minimum Vehicular Volume
Satisfied Yes[] No [
Minimum Requirements %
U R U R
APPROACH
LANES 1 2 or more : / / { / Hour
Major Street 500 | 350 600 | 420
Minor Street 150 | 105 200 | 140 u

NOTE: Left turn movements from Major St. included when L T-phasing is proposed O

WARRANT 2 - Interruption of Continuous Tratfic '
Satisfied Yes[]

NOD

Minimum Regquirements

www . fastio.com

—_—%
U R U R
APPROACH
LANES 1 2 or more / / Hour
" Major Street 750 | 525 || s00| 830
Minor Street 75 53 100} 70
NOTE: Left tum movements from Major St. included when L T-phasing is proposed G
WARRANT 3 — Minimum Pedestrian Volume -
Satisfied Yes[] No [}
Minimum Requirements %
u R ' / Hour
Major Street No Median 800 | 420
Volume Raised
Ped's Xing
Major Street 150 | 105
MIDBLOCK SIGNAL PROPOSED 0
MIN, REQUIREMENT DISTANCE TO HEAREST ESTABUSHED CROSSWALK
150 Feet ll N/E tt S/W 1t | Satistied

WARRANT 4 —~ School Crossings Not Applicable

Yes {7
No O3
O

—
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WARRANT 5 — Progressive Movemeﬁt

. Satisfied ves[ ] No [ ;O

MINIMUM REQUIREMENTS DISTANCE TO NEAREST SIGNAL
S 1000ft | N 3 ft, € t, W 1t | Not Satistied [J
ON ISOLATED ONE WAY ST.OR ST. WITH ONE WAY TRAFFIC SIGNIFICANCE. ADJACENT SIGNALS
ARE SO FAR APART THAT NECESSARY PLATOONING & SPEED CONTROL WouLD BE LOST =~ _\ Fulfitied
ON 2-WAY ST WHERE ADAJACENT SIGNALS DO NOT PROVIDE NECESSARY PLATOONING & n Not Satisfied [)
SPEED CONTROL. PROPOSED SIGNALS COULD CONSTITUTE A PROGRESSIVE SIGNAL SYSTEM

. Satisfied
WARRANT 6 — Accident Experience Yes

oo 0OF

SIGNAL WiLL NOT SERIOUSLY DISRUPT PROGRESSIVE TRAFFIC FLOW D

ADEQUATE TRIAL OF LESS REST&lCTIVE REMEDIES HAS FAILED TO REDUCE ACC. FREQ.

‘

ACC WITHIN A 12 MO, PERIOD SUSCEPTIBLE OF CORR.& INVOLVING INJURY OR> 5100 DAMAGE

__MINIMUM REQUIREMENT : NUMBER OF ACCIDENTS O o
5 OR MORE
_MINIMUM VOLUME_ REQUIREME-'NT SATISFIED
WARRANT 3 = MINIMUM VEHICULAR VOLUME %
20 % Rl QR Radyipibatihi-G e B Sl —_—
OR MORE OF . \'U\RRANT 2 ~ INTERRUPTION OF CONTINUOUS TFC | _ _ _ % O d
wanmn-r 3 = MINIMUM PEDESTRIAN VOLUME %

WARRANT 7 — Systems Warrant Satistied Yes[] no 1

MINIMUM VOLUME ) ' . .
REQUIREMENT ENTERING VOLUMES = ALL APPROACHES [ Not Satisfied
oumns TYPICAL WEEKDAY PEAK HOUR 0
600 VEH/HR o — —mmm— o — g — e vedir .l _or--} Fulfilled
VEH FOR'EACH SATURDAY AND/OR SUNDAY D .
OF ANY 5 HRSOFA " '

CHARACTERISTICS OF MAJOR ROUTES - MAJOR ST MINOR ST D Mot Satisfied

PART OF H\VY SYSTEM SERVING AS PR!NCIPLE NET\\!DRK FOR THROUGH TFC

CONNECTS AREAS OF PRINC!PLE TRAFFIC GENERATION

_E_U_BAL_C!‘_R_SE_B_ER_B_Q?LP_I_Wj_OU'EI_D_E_ OF, ENTERING. OR TRAVELING A CITY

_HAS SURFACE STREET_FWY OR EXPWAY RAMP T ERMINALS __
APPEARS AS MAJOR ROUTE ON AN OFFICIAL PLAN

- —— it v — e | e s vt e | e e v

ANY MAJOR ROUTE CHARACTERISTICS MET, BOTH STS. 0 « [0  Fuitilled

WARRANT 8 — Combination of Warrants
Satisfied Yes [] No [

REQUIREMENT WARRANT ! saTisFIED

1
TWO WARRANTS |1 MINIMUM VEHICULAR VOLUME 1 %

SATISFIED
B0% OR MORE

2 = INTERRUPTION OF CONTINUOUS TrRAFFI] %

3 - MINIMUM PEDESTRIAN VOLUME H %

The satistaction of a warrant is not necessan!y justification tor signals. Delay, congestion,
contusion or other evidance of the {reed for right of way assignment must be shown.

TS-108(2/72)
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PRINCIPLES OF PRE-TIMED SIGNALS -_Operation_ ,

J The rixed-time traffic signal controller 1is used as a distinct
'unit or as part of a traffie control system. It is a motor
driven device that systematically changes traffic lights to
facllitate the movement of traffic. The pretimed signal

This type controller is furnished in several different forms:

The flrst form is the non-expansiblie, non-interconnected

- econtroller. This unit has no provision for the addition

of a éecond or third dial unit. 1In additibh it is not
suppllied with offset contacts or has provision for inter-
connection. Timing can be set for any cyéle length from
30 to 180 seconds on a non-synchronous speed timer.

Timing varies with line voltage and temperature.

The second form of local controller is the expansible,

2.

operates on a fixed length time cycle with fixed green intervals.

future interconnected type. It is furnished initially with

only one dial but with wiring and jack mountings for the
addition of one or two more dial units at a later date.

Except when otherwise specified, each dial will contaln

one set of offset contacts, However the chasis is wired to

accept three offsets per dial. ‘The timing dials are driven

by synchronous speed motors where timing is synchronized

. by power source frequency.

www . fastio.com
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Another type of controller 1s the full three dial unit with
interconnect coordination. This unit will have provision
for one to‘fhree offsets per dlal and one or possibly more
phase_spliﬁé per dial. The exact characteristics of each

controller will vary with the manufacturer,

The fixed-time controller consists of three majdr parts: a

timer chasis, back-panel and weatherproof cablnet which houses

the timer and back-panel.

‘The timer chasiﬁfconsists of one to three dial units and a
solenold operatéd cam shaft. When the timer contains more than
one dlal unit; éhly one of them operates the cam shaft at a time.
The timing dialfof a dial unit is driven by a synchronous motor
through a change:gear. One or more rotations of the timing dial
produces one fﬁli revolution of the cam shaft, depending upon
whether the interval sequence 1s broken out one or more times

on the cam shafﬁ. Rotatlion of the cam shaft in turn causes the
signals to chanée from one color interval to the next. The
length of one cémplete cycle is determined by the size of the
éhangegear thatfis installed. The percentage of the time cycle
that is allocatéd to each interval is determined by the spacing
between the keys in the timing dial. Each key advances the cam
shaft one position. The particular lights that are illuminated

during each intérval are determined by the cam breakout.

There are 100 siots in the timing dial so the lengths of the
several Intervals that make up the lnterval sequence are adjust-

able 1in one peréent steps. As each key in the timing dial passes

ChibPDF - www.fastio.com
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the 12 o'clock position, it momentarily closes a set of contacts.
The unpalnted keys close the drum advance contacts; the green

key alsc closes the drum release contacts.

» When the cam shaft (drum) is in step with the diai, closure of

-  either of these sets of cdntacts momentariiy energlizes the drum
solenolid and causes the solenoid plunger to move downward. The
solenoid is immediately de-energized and spring tension pulls
the plunger upward to its original position'and'advances the
cam shaft one step. The electric contacts that control the

"circuits to‘the several lamps in the trafflc signals bear
égainst the éams on the cam shaft, Each contact arﬁ closes
its éircuit wherever a cam segment is broken out and opens its
circuit when an unbroken segment moves the arm away from its

stationary contact.

The unpainted keys advance the drum step by step through the
several intervals of the cycle as the drum advance contacts
moméntarily close. It 1s possible for the drum to be out of
step with the dial when returning to normal operation after
. .any of the followlng condifions:

a) Flash.

b) Emergency pre-emption,

¢) Manual control by a police officer.

d) Initial starting after installation or servicing.

e) Power failure.

ClibPDF - www .fastio.com
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The drum is aufomatically brought back into step with the dial
by means of the drum release contacts operated by the green key
on the dial and the drum lock contacts on the cam shaft 1ln the
following way: when the drum is out of step with the dial, the
drum advance cqhtacts advance the drum in this out of step
relationship until the drum lock contacts operate through a cam
on the cam shaft and open. Further closure of the drum advance -
contacts cannot advance the drum and it remains stationary whille
phe dial continues to rotate untll the green key passes the
12 o’élock position and the drum release contacts close and
advance the drum one position. The drum is then in step with
the diai apd.hq}mal operation continues. The lock position of
tﬁe drum while ét is waiting to get into step with the dial

_ should be in main street green to keep main street traffic

moving while tﬁe correction 1s being made.

When a non—interconnected controller contalns more than one

dial unit, dial selection 1is effected elther manually by means

of a dial selector switch or automatically by a local time

clock. Thé dial selector éwitch energlzes a latch relay for -
the selected dlal unlt, One latch relay is used with each
additional dial unit other than dial 1.

When the dial éélector swltech is thrown from one dial position
to another, dial transfer does not occur immediately but is
deferred until the drum reaches the first malin street green
position., At the instant of dlal transfer, the dial in use
stops and the new dial startsrto rotate. Dial transfer always
ocecurs at the start of maln street green and the interval is of

n
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normal length with the dial and drum in step. This 1s done in
the following manner: when the dial sélector switeh is thrown
1t energizes the maln coll of a latch relay but the latch will
not permit the relay to'pick up or drop out until the drum
reaches the first maln street green position. In this position
the dial transfer contact on the drum closes and energlizes the
lateh coil so the latch is tripped, thereby permitiing the

relay to operate.

System dial selection in an interconnected system 1s effected

either manually by a system dlal selector switch in the master

" controller or automatically by a time switch or program device.

When the system dial selector in the master controller changes
from one dial to another a command is sent to each loccal con-
troller. Each controller then operates in the same manner as
described above for non-interconnected controllers. Even though
dial transfer occurs with Qials and drums in step, so there are
no abnormal interval.lengths, there is a hold up as the new dials

get in step with each other with respect to their offsets.

In a non-interconnected system with synchronous motors it 1is
possible to operate the signals with pseudo progression. The
offset for each contrcller is manually obtained by timing the
difference from beginning of main street green at the reference
intersection to the beginning of green at the intersection in
question. The measured offset 1s adjusted by stopping the
operating dial with the "Resyncro" switech on the dial unit.

www fastio.com
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This procedure 1is repeated at all intersections once for each-
dilal unit; that is, three timing adjustments for a thbee dial
system, once during the operation of each dial unit. If the
controllers are operated from the same power source and inasmuch
as the synchronous motors run at lidentical speeds it is possible
to maintain a definite offset pattern. However, power failures,
accidents and foutine servicing will disrupt the offsets. In
order to maintain the offset relationship on each dial it is
necessary to run all the &ials 24 hours a day, even during the

evening when tﬁe signals are flashing.

The offsets used in an interconnected system are calculated
with the aid of a time-space diagram. The desired offsets are
placed on the dials.via colored keys; red for offset 1, yellow
for offset 2, éhd white for offset 3.

Normally only dhe offset 1is used with each dial unit. Whenever
there is a chaﬁgé of dials the proper offset is brought about
by the automatic resetting of the timing dial in each local
controller with respect to the master controlier in the follow-
ing way: when an offset key in a local controller timing dial
thét is out of étep closes its offset contacts, the brake coil
in this dial is energized and stops the local biming dial. The
timing dial then remains stationary until the master contacts
on the corresponding dial unit in the master controllier close.
Closure of these contacts releases the local brake coil and the
dial unit resumés rotation. The timing dial is then in step

with the corresponding dial in the master controller,

ChibPDF - www.fastio.com
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Whenever an interconnected traffic control system is changed
from one progressive timing relationship to another, an unaveoid-
able holdup occurs in each local controller as it stops to get
in step with the master. This holdup interval is of variable
length depending upon the relatiohship of the offset in percent
of the cyéie length and the reference point on the master; this

difference can vary from O seconds to almost one full cycle in

length. If the length of time is too long for a controller to

reach the correct offset 1n one cycle at a critical intersection
an offset interrupter can be used. Tﬁe off'set interrupter will
spread theldelay time for a controller to reach the proper
offset over the span of several cycles and thus help reduce

queue development during offset adjustment.

During the late evening hours it is possible for side strget
volumes to drop to the point where it is desirable to flash

the signal to eliminate the unnecessary stopping of main street
traffic, Local flash can be initiated by the master controller,
a time clock 1n the local cabinet, or by manual selection of the
flash position. Once the flash command is given the flash relay
transfers the signals that are to flash from their signal contact
on the drum to the flasher contact, at the same time the circuit
to the drum common 1s broken to prevent feedback ﬁhrough other

signal lamps.

The cam breakout for the various types of fixed-time controllers

will vary slightly; however we will discuss the more general case

www . fastio.com
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~of the mﬁlti—dial controller. The drum unit contains a cam for
the drum lock, which synchronizes the dlal and drum; a cam for
dial transfer; ihdividual cams for main street green, yellow,
and red; individual camg for side street green, yellow, and red;
and individual cams for pedestrlian indications, ete. Once the
interval sequence has been broken out on the cams for the dial
thét same sequence must be used with all other dials. Discussion

will folliow 1ater on the selection of cam breakouts for the drum.

The second partf?f the local céntroller is the back panel. The
back panel will‘have terminal strlips to connect all field wiring
too. There 1is gbovision for a Jack mounted flasher unit and the
panel shéuld contaln a power supply fuse and the main ON-OFF

switch. For eaée of servicing the timing chasis should be con-

nected to the back panel with a plug-in wiring harness.

The timer chasisLand the'béck panel are both mounted in a weather
resistant'cabinef. The cabinet should be provided with a hinged
door to provide complete acéess to the interior of the cablnet
and when closed the door shall fit closely agalnst a gasket to
keep weather and?dust out. It ls recommended that the controller
cabinet be 1nstéiled at a handy locatlion to observe the signals
in operation, but in an area not traversed by uncontrolled
vehicles. Your;electrician wlll not appreciate installing a

temporary controller bécause of an accldent at 3 a.m. in the

morning.

ClihPD wwwLfastio.com
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Traffic signal controllers should be maintained on a routine
basis to provide optimum service at a minimum cost. The main-
 tenance should include cleaning of the controller, lubrication,

servicing of the contacts, relays, flasher, latch relays,

solencid mechanism and return spring.
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VVL_PRINCIPEES OF TRAFFIC ACTUATED SYSTEMS

D. Gitelson -

Assistant District Traffic Engineer
Department of Public Works
California Division of Highways

San Francisco

I. Operation of a Traffic Phase
4. Minimum, passage, extension and yellow
1. "S" modules; nondensity electromechanical
2. "D" modules; density electromechanical

ITI. Pedestrian Phase
A. Walk and pedestrian clearance intervals
1. "sP" and "DP" modules ,
2, Electromechanical pedestrian interval timers
a. "1022" connection
b. "S804" comnection

ITII. Density Features

A. Added Initial
1. Purpose and use of added initial
2. Sequential or concurrent timing on modules
3. Limitations on electromechanical controllers

B. Gap Reduction
1. Time waiting (on all density controllers) _
2. Density of the green phase (Type IIIL controller)
3. Number of cars on red phase (Type IIIL controller)

IV. Maximum Green or Maximum Extension
A. Purpose k
B. Effect on pedestrian phases

V. Multiphase Controllers
' A. Concurrent or sequential operation of phases
1. Preferred sequence, skipping phases
B. Phase controls (or module controls)
1. VR, PR, L, NL on modules (Recall min.or recall max)
2. Recall on/off on electromechanical
¢. Intermixing of modules (types "s", "sp", "D", "DP")

VI. Detection Equipment
A. Vehicles-actuation per axle or per vehicle
l. Pressure
2, Ultrasonic
3. Radar
L, ILoop -
5. Magnetometer

VII. Detection Techniques and Location
A. Simple pulse.
B. Lane occupancy {controllers with NL features)

ClihPD wwwLfastio.com
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C. Complex pulse on density controllers
1. Safe stopping distance
2. Dilemma zone
3. Limiting conditions of traffic volumes, roadway
4, Speed trap, zones
&. Minimum initial zZone detection
b. Gap timing by either controller or detector
delay
c. Detector disconnect to reduce zone

VIII. Limitations of Existing Control Systems

Operation of Typlcal Signals

To understand the operation of a simple two-phase, full traffic-
actuated signal, let's look at the signal indication seqguence
shown in Fig. A. This sequence is almost the same as that shown
for a two-phase, pretimed signal. One difference is that the

green interval for each phase consists of two portions: the
initial” and the "extensible".

The initial portion, in this case, is a preset period and is
unaffected by actuations. The extensible portion of the green
interval for a given phase is extended as a result of vehicle
actuations on that phase.

ILet's consider a two-phase signal in the initial portion of the
Phase A green interval shown in Fig. A.

The "initial" portion of the green interval is a falrly short
interval and its sole purpose is to clear out those vehicles
which have passed over the detector and are waiting for the green
indication.

After timing the initial period, the controller unit will provide
a green signal indication to Phase A traffic as long as there are
no actuations from the Phase B approaches. This is referred to
as the "rest" condition of the controller unit. It is an
appropriate term since, unlike the pretimed controller, the
traffic-actuated controller unit does not circulate through its
two phases if traffic 1s present on only one of the streets or
approaches. It can truly "rest" on one or the other phase.

Although the controller unit is resting, it is still alert to
actuations from Phase B, and at the first such actuation it is
triggered into operation.

If there are no actuations received from the Phase A detectors
after the Phase B actuation, the controller unit will
immediately advance into the Phase A yellow clearance interval,
and then into the Phase B green interval.
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However, if actuations continue to come at a sufficient rate from
the Phase A detectors after the Phase B actuation is received, the
controller unit will remain in the Phase A green interval. If
this occurs, two features come into operation within the
controller unit, both of which operate to ultimately terminate
Phase A green.

The first of these is the "gap-sensing" feature. This feature i
operates on the theory that when the time gap or "gap periocd" -
between vehicles on one approach exceeds a certain value, the green g
indication should be given to the other approcach. In the simple
traffic-«actuated controller unit the gap period for each phase is -
preset. Thus, if the time between Phase A actuations exceeds the -
preset gap period, the controller unit will terminate green for

that phase. On the other hand, if Phase A actuations occur

frequently enough so that this gap period is not exceeded, the
controller unit would remain in the Phase A green interval

indefinitely if it were not for the second feature: +the maximum

green period.” When this maximum period has timed out, green is
terminated regardless of continuing actuations from Phase A.

This maximum perlod might be thought of as a safety valve. If

the Phase A traffic received the green signal for as long as it

kept coming, Phase B would get impatient and try to enter the
intersection, and the entire value of the traffic signal could

be lost! .

As in the case of a pretimed signal, a pedestrian movement can
be associated with a traffic-actuated signal phase. The
indication sequences are shown in Flg. A. Normally the
pedestrian signal "WALK" indication appears only upon

actuation of & pedestrian push button. This is because the
combined time of the "WAIX" and pedestrian clearance intervals

is gquite a bit longer than the initial interval. If this were
allowed to occur every time that Phase B was called, considerable
time would be wasted if there were no Phase B vehicles to utilize
itt - o M

?he operation of & three-phase traffic-actuated signal is essentiglly
identical to that for the two-phase signal. The one additional

feature is that the controller unit can pass by or "skip" an

uncalled for phase., For example, if the controller unit is resting -
in Phase A and detector actuations are received from Phase C only,

the unit will advance to Phase C without passing through the N
Phase B green and yellow indications.

B. Types of Control for an Actuated Traffic Phase

As we now might deduce, an actuated traffic phase should be
given a green indication roughly proportional to (1) the number
of vehicles in each lane which are waiting for green and (2)

the rate of flow of vehicles approaching the intersection during
green. There are several ways of detecting stopped and moving

ChibPDF - www.fastio.com
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vehicles and of timing the green intervals., Detection methods
and controller unit design are interdependent to an extent not
generally appreciated. '

The first wldely used vehicle detector was the pressure detector
a simple rubber treadle switch in the pavement which could only
provide an electrical pulse for each axle passing over it. This
lead natrually, through an evolutionary process, to a sophisticated
controller unit which would (lg count the number of waiting axles
and provide an appropriate initial green period, and (2) terminate
a so-called extensible portion of the green interval when it
sensed a time gap between axle pulses, which in turn signified
- a break in traffic flow. This type of detection, computing and
timing for a given traffic phase needs a name. Let's call it
- "Complex Pulse Control". Note that this name, referring to the
operating features of the controller unit phase section,
together with detection characteristics, fully defines the manner
in which a given traffic phase is controlled.

To summarize the features of "Complex Pulse Control": (1) The
inltial green period is roughly proportional to the number of
waliting vehicles, and (2) the green terminating gap period is
gradually reduced in length during the extensible green period
from a preset initial value down to a preset minimum., It
turns out there are two types of "Pulse Control®™. The second
may be called "Simple Pulse Control” which covers the type
where the initial green period and the green terminating gap
period are both fixed, preset timing periods. This basic

type was discussed under "Operation of Typical Signals".

Some years after the introduction of these basic principles new
types of detectors appeared, all designed to produce one pulse
per axle or per vehicle so as to be compatible with the pressure
detector. However, it is obvious that the detectors which
produced one pulse per vehicle instead of one per axle were not
strictly compatible. Later on it was discovered that a
detector which could sense the continued presence of a vehicle
in a particular portion of the roadway had certain advantages.
This lead to what we might call "Presence Control® which

has been inappropriately called "Zone Control" or "Lane
Occupancy Control". The phase control in this case simply
initiates the green period and holds it until the stopped or
moving vehicles clear the detector area.

Note that the type of control may be different for each traffic
phase. For example, at this time, high-speed phases are handled
gest by "Complex Pulse Control" while side street and left turn
phases are best handled by "Presence Control". Some controller
manufacturers produce speclal controllers with presence control
on all phase sections. These are obviously limited in their
application.
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The operating characteristics of a signal can best be described-
by giving the type of control for each traffic phase. For
.example, a typical signal might be designated as "full-actuated
with complex pulse control on the major street and presence
control on the minor street"

-(a) Variable.Initial Green Period

(v)

wavwLfasto.com

To fully understand the need for a varliable initiasl
green period we should first consider the principles
of detector "setback" or location with respect to
the stop bar.

As the speed of vehicles using an approach increases
it is necessary to locate the detectors farther back
from the stop bar. This 1s done to permit a vehicle
t0 be sensed far enough in advance by the controller
unit so that the vehicle can maintain its approach,
speed up 'to and through the intersection, or have
adequate distance to stop if it Just misses extending
green.  If the detector were too close to the inter-
section, an approaching vehicle, lacking the ability
to place a call, could easily lose the right-of-way
and be forced to stop too abruptly. With detectors
set back at distances of 200 to 300 ft, another
problem develops: consideral time 1ls required to get
the long line of stopped vehlcles moving and clear
of the intersection. This would require a long
preset initlal green perliocd -- too long if only a
few stopped vehicles are walting.

Geap Redudfionb

As previously explained, most traffic-actuated
controller units terminate green by the principle-
of gap sensing., A traffic phase having a green
indication can hold the green to the preset maximum
period -- as long as the time betwen actuations does
not exceed the gap perlod set on lts timing control.

With a rélatively long constant gap value the probability
of that gap occurring In traffic is relatively small

and the green may frequently terminate by maximum

timing.

Therefore? it is very desirable to have "gap

reduction” which, as mentioned before, is a gradual
reduction in ths gap interval from one preset value
to another preset value. The most common means used


http://www.fastio.com/

ClibPDF -

www . fastio.com

-6-

to effect this reduction ls the time that vehicles
have waited on an opposing phase. Thus, after the
first actuation has been received from an opposing
phase, gap-reduction timing begins. By the time

the walting period set on a timing control has timed
out, the gap period is shortened to the minimum
value.

Other factors sometimes used to control gap interval
reduction are the number of opposing vehlcles
waiting and the density of the vehicles on the phase
having the green Indication. These controls are
avallable only on & very sophisticated two-phase
controller. This controller is the only true
volume-density controller since 1t is the only
controller capable of evaluating the volume of waiting
traffic and the density of traffic on the traffic
phase having the green indication. The logic and
merit of the 'dlensity" feature has been endlessly
debated. The rac hat few modern controller units
have it does not speak well of its value.

A feature that is sometimes used with the gap
reduction is "guaranteed passage time". It is a
circuit that, recognizing that the green interval
is about to terminate because the reduced gap has
been exceeded, glves the vehicle making the last
actuation an unreduced gap period before green is
terminated.

This feature allows pulse detectors to be placed at
very great distances from the stop bar. The logic
and merit of this feature has also been much debated.
The best that can be said for it is that it moves

the location of the potential rear-end collisions one
car back,
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DETECTORS

Vehicle'deteétoré can be placed into several general
categories insofé& as operation. Considering the condition
of the vehicle: some respond to a moving vehicle only (motion
senéitive), othefs respond to either a moving or a stopped
veﬁicle (preséncé sensitive). Considering the detection area:
some pick up vehicles only at a certain point along the roadway
(point detection), while others respond to vehicles within an
area (zone or area détection). Consiéering the type of output:
some detectors have a pulse output, others have a time-delay
output, stiil otﬁers provide a permanent output as long as the

area of detection is occupied.

There are a number of vehicle detectors available today.
These include the following types: pressure-sensitive, radar,
ultrasonic,-magnétic, inductive loop and magnetometer. There

are a few more, But of the six above only the inductive loop and

- magnetometer are being widely used in new installations. But

let*s look at all six anyway, the first four only briefly.

Pressure SensitiQe

Pressure—segsitive detectors are rubber-encased switches 4,
6 or 8 feet long operated by the pressure of a vehic;e. Under
our previous categories they can be termed motion since only a
moving vehicle will actuate one (disregarding vehicles parked

directly on them), point detection and pulse output.

Pressure detectors are simple and require nc incidental

electronics, but on heavily traveled roads they have a life of 3
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or 4 years, and they must be replaced when the pavement is

resurfaced more than l1/10-foot in thickness.

Radar

Radar'aetectors operate on the "Doppler" principle, i.e.
radio-frequency energy reflected from a moving vehicle is
N different than the transmitted frequency. Tﬁéy are usually
mounted overhead. They can be classified: motion by their

principle of operation (2 mph or greater), area detection and

pulse outpuﬁ, which could be easily changed to time delay output.

Radar detectors have complex electronics that regquire a
technician with a commercial radiotelephone license to maintain.

The electronics must be located close to the sensing antenna.

Ultrasonic
The ultrasonic sonic detector is similar to the radar detector
- in that it operates on the principle of reflected energy. The
differences are: the operating frequency is in the neighborhood
of 20,000 Hz and the vehicle to bé detected can be either moving
or stationary. The ultrasonic detector can be termed: motion or

. presence, area detection and pulse output, which could be changed

to time delay. Here again complex electronics, now solid state,
are involved in the amplifier unit, which is usually located

adjacent to the transducers.

Magnetic Detector

The magnetic detector operates on the principle of the earth's
magnetic field being distorted and thus swept over a buried coil

of wire. This generates a minute voltage in the coil which is
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amplified enough to operate an output relay. The magnetic

detector can be termed: motion sensitive (vehicle spééa must

be 2 mph or greatér), essentially point detection and pulse

output. The electronics involved in the amplifier are not as

involved as the previous two types.

Inductive Loop Detector

2n inductive loop detector consists of a sensing loop or

gr@up of such loops, a sensor unit and lead-in cable.

'Sensing Loop:

A seﬁsing loop consists of from one to three turns of '
iﬁsulated copper?wire placed in a slot in the roadway surface.
It is laid in a sguare or rectangular pattern that is located in
the center of theiapproach lane to be detected. The dimensions
of the loop pattéfn vary from 6' by 6' to 6' by 90', depending
on the applicatioﬁ of the detector and the characteristics of the
sensor unit. After the loop wires are placed in the slot, the

remaining space is filled with an epoxy mixture.

Sensor Unit:”

The sensor ﬁhit is an electronic device mounted in a metal
enclosure provided with a single multicontact connector for
termination of all circuits. It is located in the same cabinet

as the controlle;-unit.

The sensor unit through its internal circuitry does several
things. First, it utilizes the sensing loop as a portion of an
‘electrical circui£ element (inductance) in the generation of an
AC voltage in thé'neighborhood of 100,000 Hz (cycles). Second,

it "looks at" this loop circuit for the changes in frequency,
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phase, inductance, or amplitude in this voltage that are caused
by a vehicle passing over or stopped upon the loop area. Third,
it translates this change into a relay contact closure which can

oe used to provide detector input to a controller unit.

To perform these functions, the sensor unit must be tuned
to the sensing coil or coils it is to be used with. This tuning
is either a manual or an automatic operation. On a manually |
tuned unit, circuit adjustménts are made until the optimum con-
dition is shown by a meter or an indicator light. Automatically

tuned units achieve this condition electronically.

A sensor unit can be used with more than one sensing loop.
When two or more loops are used the number of turns in each loop
is reduced; the various manufacturers have their own recommendations.
In'general, the larger the loop area, the less the sensitivity of
the sensor unit--and the detector. Although the Division of
Highways has standardized the connector circuitry for sensor units
to insure electrical interchangeability the sensor units are not
electronically interchangeable. That is, a loop area or config-
uration that is satisfactory for one manufacturer's sensor unit
may not function with anothexr manufacturef's unit, in spite of

claims to the contrary.

Lead-in éable

The lead-in cgble is 2~conductor and of a deéign that it does
not affect the operation of the detector because of being flooded
in a conduit or run in long lengths. This is important since the

cable becomes an integral of the sensing loop circuit and changes
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in the cable.chargéteristics might be mistaken by the sensor
unit as a vehicleistanding over the loop area. Again, in spite
of manufacturers claims to the contrary, some inductive loop
detectors have reauced sensitivity when lead-in cables approach
the 750-foot length used in some performance specifications.
Where the lead-in cable is placed on overhead messenger, the
variation in charadteristics due to temperature changes make

automatic tuning sensor units mandatory.

One feature of inductive loop detectors is that they can
fall into many oftthe operational categories listed previously.
All will respond éo either moving or stopped vehicles, all can
ba uséd for poiht}or area detection and many can be adjusted for

pulse, time—delay}or'permanent output.

Long detection areas can be obtained in two different ways:
{a) the loop caﬁiﬁe ﬁade long, up to 90 to 100-feet or (b) a series
of 6-foot deep‘loops can be placed with time-delays on the sensor
unit to hold the'?utput closed between loops. This latter
principle can aléb pe used to make speed detectors that hold the
call when the speed is above a certain value and drop the call

when it is below;

One problem;that most present inductive loop detectors have
in common is the#failure to respond to certain small motorcycles,
particularly thoée that are of largely aluminum construction.

The problem is that thése motorcycles are classified as "yehicles"
under the-Vehiclé Code and are therefore due the same rights

insofar as signal actuation as a large police motorcycle oxr an
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automobile. Fortunately, new developments are on the way - as
of this writing a Swedish firm makes an inductive loop detector

that is promised to be able to detect bicycles.

Then, there are other problems. Interference between lead-in

cables in the same conduit operating on adjacent frequencies can
result in the sensor unit output locking "on", This is solved

by providing adequate freéuency separation - in manually tuned
sensor units the freguency determinhgcrystal is changed; in
automatic-tuned sensor units capacitors are added to tae loop
circuit. This has been eliminated in at least one brand by using
only one frequenéy,and low loop circuit voltages to minimize

intercable coupling. A continuously occupied loop will, in some

automatic tuning units, be tuned out far enough as to be

ineffective. The placing of loops on high-speed freeways for

counting or surveillance purposes continues to be a dangerous

operation.

Hagnetometer Detector.

A magnetometer detector consists of a sensing element or

elements, a sensor unit and lead-in cable.

Sensing Element

The sensing element is a compact sealed device, capable of
being buried directly underground. One element presently
available is a two-inch diameter, two-inch high cylinder. Inside
there are two.coils, wound on a special core material. Newer
elements are smaller and one promised in the Ffuture will be

capable of being placed in a 1/4 to 3/8-inch slot.
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Sensor Unit
The sensor unit is mechanically similar to that fof.the
inductive loop detector. Electrically, it is quite different.
Altﬁough it supplies low voltage, 60 Hz to one of the windings
- in the sensing element, it functions to detect the minute
changes in the earth's magnetic field due.to a vehicle standing
or‘passing over the seﬁsing element. The'principle of operation

is guite similar to a mine detector.

Lead-in Cahlé
Each sensing element is separately connected to the sensor
'un;t with a four or five-conductor cable. Since this cable is

not part of a circuit its length is no longer important.

In spite of a compietely differént principle of opération
thewmagnetometeriand inducﬁive loop detectors perform quite
similarly. One advantagg of magnetometer detectors over
inductive loép detectors is their ability to operate in the
presence of largeimasses of steel such as in reinforced P.C.C.

pavements or on steel structures.

Recommendations

" And now perhaps you are expecting to find here a recommendation -
as to the best aii—around detector. This author is not so rash
as to venture such a guess. And it would be a guess because there
'seems to be new @étectors or new versions of the old ones appearing
monthly. I feel:;hat'the'best recommendations I can offer is to:
determine your ne;ds, prepare a specification to meet them and

demand compliance.
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C. Principles of Detector Positioning

(a)

(b)

www . fastio.com

Simple Pulse Control Detector

The pulse detectors for simple pulse control should be
positioned relatively close to the stop bar. This is done

so that the starting vehicles will quickly begin to put

in pulses to hold green after the initial fixed green period
has timed out. A suitable distance for a slow speed approach
would be about 50 ft + 20%. For approach speeds of 35 to

40 mph, the detectors should be placed at about 150 ft from
the intersection or the stopping conditions will be hazard-
ous. Where speeds exceed #0 mph this type of control should
not be used. '

Complex Pulse Control Detectors

The principal reasons for installing complex pulse control
detectors at particular distances back of the stop bar for
given speeds are: (1) to provide the condition where the
last car in a platoon to extend green will pass through the
intersection without hesitation, and (2) simultaneously, to
provide adequate stopping distance for vehicles which have
just missed actuating a gap period.

Obviously, termination of green by the maximum period
eliminates the above feature of controller operation.

Set Back Equations

To satisfy Condition 1 (platcon passing) the following

egquation applies:

D = l.‘l'IVL (G + C) = £t

where: _

D = the distance from stop bar to detector (£ft)

G = the minimum gap period which could occur at the
end of green (secs). (This figure is usually
3 secs for worst condition and intersection at
capacity.)

C = the usable portion of the clearance interval (secs).
The amount of yellow that a driver at a given speed
will use if too close to the intersection to stop.

C = "low pace" speed (mph)/30 + 1 and

V. = "low pace" vehicle speed (mph).
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To satisfy Condition 2 (comfortable stopping distance),
the following applies:

D =  Reaction Distance + Stopping Distance = ft
2 VHZ
D = 1.47 VHtr + 1l.47 T
where: .
Vg = high pace speed (mph)
tr_=#reaction time on approach signal = 1 sec
and d é?comfortable rate of deceleration = 10.8 ft/sec2
2
.- VH
P = 1.47 VH + 2.16 7156
VH2
D o= LAV Y otoee

If these equations are plotted as in Graph I in terms of
Vy {high pace speed), the "platoon passing” curve falls
reasonably close to the comfortable stopping curve. This
is a fortunate situation since the detectors camnnot be set
further back than that indicated by the "platoon passing”
curve without breaking the platoon movement (if G = 3 sec).

For example, at V,, = 50 mph, detectors should be placed
at about 315 ft. “The last car in the platoon (use low
pace speed of 40 mph) will be no further than 135 ft
(C+l) = %% 4+ 1 = 2=1/3 secs) from the intersection

before fellow is shown. The driver will almost certainly
decide to pass through the intersection. The "platoon
passing" criteria is satisfied.

The vehicles which have just missed actuating a gap period
are obviously at the detector when the yellow is shown.
From Fig. B it can be seen that these vehicles traveling
at Vy = 50 mph will be able to stop safely.

(c) Presence Control Detectors

The area covered in each lane by a presence control detector
should start about 3 ft from the stop bar and should extend
back for what would amount to about a 2 sec time gap in
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traffic for the approach speed involved. Since this type
of detection is only suitable for slow-speed approaches,
the usual length is about 60 ft for speeds up to 20 mph,
and 100 £t for speeds up to 35 mph.

The "Shifting Presence Zone Detection” method of signal
installation has been proven successful by Sacramento .
County. Studies are presently being made by the California -
Division of Highways toward improving upon the operation ’
described herein.

Shifting Presence Zone Detectionl

"For several vears traffic signal vehicle detectors of the "presence
type have been in use. These detectors sense the presence of vehicles
within the detector area or "zone". Hence the occasionally used name
of "zone detector". When this type of detector is used in conjunction
with a controller having its green timing intervals for the "presence"
phase set to zero (or close to zero) then the operation of that phase
exhibits what is popularly called "snappy" action. This is due primari’
to the fact that no unnecessary initial green timing is required, since
the green is held'until the vehicles leave the detection zone,

"Thus presence control of traffic phases with slow approach speeds
is unusually efficient. However, when approach speeds are high, a
detector zone would have to be up to 300 £t long in order to provide
safe stopping conditions for vehicles approaching the zone. Single
inductive loops this large do not work. Multiple loop zones are
practical but do require many sensor units.

"It therefore appears that 300 £t long zZones might be feasible
where required on a high speed approach. It also might then be assumed
that this would be an ideal solution. However, there are two serious
flaws to this scheme. : .

1. During cohgested traffic the loop should be much
shorter. : -

2. For high speed conditions the zone should not
extend up' to the stop bar. If it does, then the
green is held too long. That is, yellow should
be shown to the last car in a passing platoon 1 :
to 2 seconds before it reaches the stop bar. This
is the "usable yellow effect".

"It is appareﬁt then that the ideal detection scheme is 'shifting
presence zone detection', where all zones required may exist simul-
taneously. ' -
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"Following is a method for utilizing conventional detectors to
approximate the ideal 'shifting presence zone' detection method
shown in Fig. 1.

"This method of utilizing conventional pulse detectors is based
on the promise that at any discrete distance from the stop bar there
are two associated critical speeds. The first speed is that minimum

- speed at which, if the yellow came on, a driver would proceed to and
through the intersection, using part of the yellow time. This speed
ig the high limit speed. The second speed is that maximum speed at

. which, if the yellow came on, a driver could comfortably come to a
stop at the stop bar. This speed is the low 1limit speed,.

"Between the high and low limit speeds is a range of speeds where,
if the yellow came on, a driver would be in doubt as to whether he
should proceed through the intersection or not attempt to stop. Drivers
in this range of speeds are in a physical "Zone of Indecision".

"From the above discussion it is apparent that a vehicle in the

zone of indecision should have a green indication until it leaves the
zone. '

The Limiting Speeds

High Limit Speed

"To determine the high limit speed it is necessary to determine
the amount of yellow time that the average driver will use to get to
the intersection. From a number of observations it was determined
that the average driver, traveling under 30 mph, will drive through
approximately 1 second of yellow. It was also found that at speeds
in excess of 30 mph the amount of yellow used approximately follows
the equation Speed in mph. Expressed differently:

30 :

) s = 1.47v Y > = 1. <
g 35 Vv = 30 mph, Sg 1.47v V < 30 mph
where:
v = Velocity of vehicle in mph

1.47 = Conversion factor (mph to £ps}

Sg = The distance from the intersection at which the
average driver, at a velocity V, will proceed through
the intersection.
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Low Limit Speed

"The low limit speed is dependent on safe stopping distance
because if a driver can stop safely, when given a yellow indication,
he will. The equation for safe stopping distance is given on page 28
of the Traffic Englneerlng Handbook and is reproduced here for con-

venience.
j 2
Sy = 1.47 Vit + 5§f§§
where: :
53 = m;nlmum stopplng Slght distance
v = veloclty in mph

= coefflc;ent of friction = .318

il

percent grade divided by 100 (assumed = 0)

= the perception-reaction time in seconds = 1

"The coeffidiéﬁt of friction is assumed constant and is derived
from an average value of coefficients of friction on wet pavement
given in Table 2.6 of the 1965 edition of the Traffic Engineering
Handbook. The final equation, after substituting values and simpli-
fying is: s : '

S VZ'

' Green Time for Waiting Vehicles

"In operation shifting presence zone control requires a detector
unit that will sense only those moving vehicles in the zone, or zones,
of indecision and provide an output only when there is a vehicle in .
the active zones. An additional detector, of the full presence type,
should be provided to cover the first 50 feet from the stop bar. This
presence detector should be connected only during the red interval
and into the green interval until the first 50 feet are empty. The
detectors are connected to a controller unit of the full presence type
which operates in its normal fashion.
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"With the installation described above as long as there are waiting

vehicles 50 feet or less

of indecision, the green will be held but as soon as there are no

waiting vehicles, and no
the green can terminate.

Practical Operation

"At this time it is not possible to provide the ideal operation

described above due to the lack of a true shifting presence zone
detector. It is, however, possible to approximate this operation
by the use of existing equipment. The equipment reguired is:

1.

2.
3.
4.

A controller unit with an adjustable gap range of from
0-5 seconds and a minimum initial setting of 1 second
or less. Digital timing is preferable.

A number of speed range detectors each one not over

10 feet long. These speed range detectors should provide
an output only for the speed range between the high and
low limits corresponding to the position of the detector.

Miscellaneous equipment as reguired.

equipment is set up as follows:

The adjustable gap is set to a time, t (less than 2
seconds, 1 second is used for this example).

The minimum initial is set to zero.
The presence detector is used as described above.

The first speed range detector is placed 50 feet
from the stop bar. (This location is adjustable.)

The second speed range detector is placed t seconds
in advance of the first detector at the lowest speed
detected by the first speed detector.

The remaining detectors are 1ocated in the same
manner as the second. These detectors are extended
back until the low limit of the next detector is
above the highest speed anticipated for the approach.

from the stop bar, or in the zone or zones

moving vehicles in the zone of indecision,

"Implicit in the above description is the requ;rement that shifting

presence zone detection must be carried out on a lane-by-lane basis.

www . fastio.com
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?rinciple of Operation

"In this example the gap time set on the controller unit, t,
is taken as 1 second. It is also necessary to introduce another
equation to allow for proper setting and positioning of the speed
range detector. To illustrate the need for the additional equation
assume that there is a speed range detector located 434 feet from
the stop bar. From Figure 1 it may be seen that the highest speed
from which a car can safely stop within 434 feet is 57.7 mph;
therefore, any vehicle traveling over 57.7 mph must be detected
sooner. Since any detection results in holding the green 1 second
(t) a vehicle traveling at 57.8 mph should be detected 1 second (t)
gooner or at 515 feet from the stop bar. Because the detectors are
located from the safe stopping distance curve and it is necessary
to find a point 1 second (t) in advance of the curve safe stopping

o 2 .

v
: 30f%g
' the new curve by using t = 2. This curve, called the low set curve,
is also plotted in Figure 1.

distance the equatibn (8@ = 1.47 VvVt + ) may be used to plot

' “ysing Figure 1 and referring to Figure 2 the detectors are located
as follows:

1. Detector A is placed at 30 ft arbitrarily.

2. The low limit corresponding to 30 ft is 1l1.5 mph.
Proceeding horizontally, on the graph, between the low
limit curve and the low set curve, a distance equal to
1l second at 11.5 mph, the location of detector B is
found, 47 Eeet.

3. The above process is repeated as described under
Practical Operation.

"Again referring to Figures 1 and 2 the speed range of the
detectors is determined as follows: :

1. The high speed of a detector at any given position
corresponds to the high limit for that location, up to
70 mph beyond which point it can be ignored.

2. 'The low speed of a detector is the speed which corresponds
to the safe stopping distance of the next detector. For
example, detector I has a safe stopping speed of 51.8 mph
and detector H has a safe stopping speed of 46 mph. Any
vehicle traveling between 46 and 51.8 mph is not protected
by detector H so detector I must detect and protect it to
detector H. .

'
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hIf a car, assumed to be traveling 58 mph, enters the system

shown in Figure 2 it will be detected by speed detectors K through F.
At 168 ft from the stop bar it crosses the high limit and will proceed
through the intersection without the need for placing further actu-
ations. The foregoing description applies to any vehicle traveling
Shifting presence zone detection, therefore,
provides safe stopping protection over a very wide range of speeds,
and it can accomplish this simultaneously for platoons of traffic

at any speed over 8 mph.

traveling at different speeds.”

- APPENDIX
S, = 1l.47vt = 1.47v ¥
g 30
where:
Sg = the distance from the intersection at which the average
driver will proceed through the intersection.
V = velocity in mph
= time from actuation of detector to termination of
green t = 0 because above speed corresponding to the
position of this detector no actuations are received.
V_ = amount of yellow that will be used to get to the stop
30 bar,.
v2
Sg = 1.47 35 V _. 30 mph
Sg = 1l.47V V _ 30 mph
2 v2
1.47v=
v v 5 Sg Sg
5 7.3
10 14.7
20 29.4
30 900 30.0 by,1 44,1
40 1000 53.0 77.9
50 2500 83.0 122.0
60 3600 120.0 176.4
70 4900 160.0 239.6
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From Traffic‘Engiﬁéering Handbook, Third Edition, 1965

1 .

%

: 2
T v
- where: ”
Sd‘ = minimuﬂfstopping distance T ..
V = velocity in mph
f = coefficient of friction = '35+-33+-§l+-3°+-29 = .318 i
g = % grédé?divided by 100 (level road assume . . g=0)
t = ':eaétion time plus controller termination delay (gap)
= 1 sec +:1 sec = 2 sec¢
_ Kg v2
2 vz Use
- 25 14.7 2.6 17.3 17
10 100 29.4 10.5 3%.9 : 40
20 400 58.8 42.0 - 100.8 101
30 900 _ 88.0 94 .5 . 182.5 183
40 1600 117.0 l68.0 285.6 286
50 2500 147.0 262.0 409.0 409
60 3600 176.0 378.0 - 554.0 554
70 4900 206.0 514.0 720.0 720
2

' HIGH SPEED SIGNAL DESIGN

"'GAMES PEOPLE PLAY' may very well be a problem for today's
psychologists but traffic control experts also have been studying this
enigma since the invention of the wheel. Unlike the psychologist
dealing with the sociological symptom, the traffic engineer deals with
human error, and that often can be tragic. So they have been trying
to do something about it ~- and are succeeding.
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"In San Diego, traffic control engineers, working on the accepted

fact that traffic signals with high-speed approaches can create
serious rear-end crashes, have introduced a basic change in signal
design. Noting that rear-end accidents occur when a lead car decel-
‘erates or stops and the car following does not, traffic engineers now
have a new concept; instead of trying to get the car following to stop,
allow the lead car to go ahead. In other words, minimize as much as

) possible the lead car driver's "on-spot" or instant decision to stop,

- slow up or go through the yellow light. This reduces the human error

. factor considerably.

"Experimenting in high-speed detection since the early 40's, when
this problem first came apparent, traffic engineers have tried to find
an effective way to make the car following stop in time. Various types
of detectors have been tried and many warning devices used, none of
which have been very effective. Unfortunately, some of these have
actually increased accidents.

"The conventional traffic~actuated signals are designed to change
from green to yellow when the detectors have not been actuated for
a predetermined time. The present volume density contreollers detect
a gap at a point several hundred feet in advance of the intersection.
The catch here is that this gap may or may not be a "space" gap when
the cars arrive at the intersection. Obviously, this has been a major
problem.

"The distance from the intersection to the detector depends on
the speed of traffic. It is, therefore, desirable to have adequate
stopping distance for cars who get the yellow light just before they
reach the detector. (Cars contacting the detector during green hold
the green for another "passing time"). If traffic is extremely fast,
adequate stopping distance may be as much as 600 to 800 feet. But
gaps in traffic 600 feet long do not occur when traffic is heavy, so
the signal must often terminate on a smaller gap. When traffic is
heavy, passing is difficult, so it is usually slow; this makes termi-
nation on the shorter gap more acceptable.

- "If the detectors are placed well back, say 600 feet, and a delay
circuit added to hold the signal green until the gap gets to the
intersection, then theoretically, everyone has time to stop. This
plays well on paper, but in practice it has been found that cars
travel at various speeds and the gaps open and close as cars pass each
other. A gap that appears at the detector is often closed when it
reaches the intersection. This sets up the condition which causes
rear-end accidents, since when the yellow comes on there are cars
in that "zone of decision" -- that distance from the intersection
where the driver asks himself whether to go on through or hastily
stop. If the lead car decides to stop and the car following decides
to go through -- we have nothing but trouble.
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‘nmarea" detection

“Phe new conception is "area" detection. Why not detect an actual
"space” gap rather than a time gap? This can be accomplished by
using a series of loop detectors. The basic idea is simply to provide .
a series of detectors with time delays. If a driver is traveling -
fast enough to actuate the second detector within the prescribed time .
delay, after actuating the first detector, the driver will hold the
green. If the motorist actuates the next detector and subsequent ones -
within the preset time the driver will continue to hold the green -
until he clears the intersection.

"Por instance, if the whole area is detected from the intersection
to 300 feet in advance, any car in that detected area will hold the
green. The yellow can't come on if there is a car within 300 £t.

- "gnless traffic is extremely fast, no prudent driver who gets the
yellow at 300 feet attempts to go through; all elect to stop, so the
condition that causes rear-end accidents is not set up. If, however,
a fast driver should decide to go on through, it would not result in
a rear-end hit because there would be no car in front of him. Anyone
in front would be in the detected zone and the signal would not have
changed. '

"rhis speed detection system operates with a 60-foot loop detector
‘covering the first 60-feet from the stop bar. When the signal is red
the detector is connected. When the signal goes to green, the detector
remains connected until there are no cars over it. Then the detector
disconnects. Thus, the initial green is only as long as required by
proceeding cars. :

“"phe secondary zone of detectors will always be in use. The
additional detectors out as far as 800 feet will remain in use except
" when temporarily disconnected by a volume-level indicator.

"pPig. la illustrates a car in the secondary loop and a car approach-
ing the last detector. If no vehicle has crossed the last detecto;
which is sensing a gap, the signal will change to yellow as soon a
the first vehicle leaves the secondary zone, as illustrated in Fig. 2a.
Note that the front car goes through the intersection on the yellow.
This yellow appeared when the vehicle was less than 100 feet from
the stop bar and the driver should have but one logical choice -- go
through the yellow. However, had the driver decided to suddenly stop, -
no vehicle is following behind, so he would still be safe.
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"Fig. 3a illustrates a condition when traffic is heavier and the
controller is looking for a smaller gap. The black détectors are
in the circuit and the light detectors are disconnected. The signal
is red because the front vehicle is far enough from the loop that
the yellow has expired before any vehicle has crossed an active
detector. In this case the front car just cleared the intersection
when the red appeared.

. " "The area from the intersection to about 800 feet in advance is
;5 detected on each fast approach. The detectors are arranged so some
. ;of them can be disconnected by automatic equipment when traffic
‘" . density requires a shorter detected area, and all can be in service
. when traffic conditions require a long detected area.

"A mathematical analysis of random arrivals will show that a
three-second gap can be found in a reasonable time even in very heavy
traffic. At 4,000 cars per hour, a three-second gap will appear in
less than 45 seconds 90 percent of the time. At 1,400 cars per hour,
a six~second gap will appear in the same length of time. It is
interesting to note that the number of lanes does not change the
probability of gap appearing. For a given number of cars per hour,
the probability of a given gap in a given time is the same for one
lane or four, assuming that lane capacity is not exceeded.
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"When traffic is heavy, long gaps will not appear in a reasonable
~time, so it becomes necessary to allow the signal change on a short
gap in traffic, usually about three seconds. This corresponds to a
detected area of 200 to 300 feet, depending on approach speed. At
this traffic density the short gap is acceptable because traffic
that heavy is comparatively slow.

"Obviously, when traffic is light it is possible to use a much
longer gap without making side street traffic wait an unreasonable
time. The longer gap is also needed when light traffic is faster.

The gap required to’ allow the signal to change in off-peak hours can
often be as high as six~to-eight seconds or up to 800 feet of detected
area without delaying cross traffic. Using the long gap in light
traffic provides a longer stopping distance and also results in fewer
stops on highways which, of course, result in fewer accidents.

"This "continuous" detection system has greatly reduced the
violation of r;ght-of-way accidents. It has been so successful at
the two installations in San Dieg6 for the past. two years that it has
been proposed to have a total of 800 feet of each major highway
approach covered wnth loop detectors.

- "It was dec1ded to use magnetometer detectors with time delay to
simulate a loop detector, since covering 800 feet of roadway can be
expensive. This helped bring the cost down. Designed and manufactured
by the Traffic Control Division of Card Key Systems, Chatsworth,
Calif., these magnetometer detectors detect the presence of a vehicle
rather than the vehicle merely passing by, and are not affected by
distance or time circuit accuracy. Because of their rellablllty and
sensitivity, these ‘detectors may be used in place of the primary loop
detectors, as well as for distance detection, in future installations.

The Drawbacks

"What are the drawbacks? Price and maintenance costs. The
additional detectors for this type of signal design usually run four
to ten thousand dollars more than the conventional signal, depending
on the number of speed lanes approachlng. Maintenance labor is about
doubled, but the power required is nearly the same. Thus, the overall
increase is about 65 percent.

"Although the cost of the system may bring immediate objections,
these costs are quite small in comparison to the saving in accident
costs and personal injuries. A typical installation in the San Diego
area had eighteen accidents per year before signals were installed.
The total costs of these accidents (costs per accident as used by the
California Division of Highways) was $85,450.00. If conventional
signals had been installed, according to a statewide average, the
accidents per year would have been reduced by 20 percent. This would
have made the yearly accident cost $68,360.00,
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"But with the installed "continuous™ detection signal system,
only one accident occurred in a one year period. This involved an
elderly lady who stopped on the green while she decided which way
to go. The accident was valued at $900.00. So, if the ten thousand
dollar cost to install the continuous high-speed detector system was
added, the extra investment in detectors actually saved about
$67,000.00 year.

"While more data needs to be compiled before an accurate evalu-
ation of this technique can be made, it shows that the California
traffic engineers haven't heeded the advice of the old adage: If .
you can't lick it, join it. After many frustrating years, they are
well on their way to licking this problem.” ‘
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CHOOSINé;.PRETiMED OR ACTUATED SIGNALS and
PRINCIPLES OF PRETIMED SIGNALS

Traffic signélé'can be classified with respect to their flexi-
bility in terms of cycle and phase length as follows:

1) pretimed or fixed-time controllers

2) semiéctqgted controllers

3) fully aéﬁUated controllers

4) lane océyéandy controllers

5) volume density controllers

A fixed-time siénal is one_in which the cycle length is‘
preset and'rema;ns fixed eithef for a given increment of
the day or.fof'the entire day. BAn intersection operating
on one cycle le;gth for the ehtire day requireé only a
single dial confroller. Intersections controlled with mul-
tiple cycle leﬁéths or phase splits require a multiple dial
conﬁroller. Thé number of dials indicates the number of
different cycleiand phase split settings that can be specified.
A three dial dohtroller is a common signal controller and
permits use of three different cycle lengths and up to 18
phase splits'du#ing the 24~hour day. Usually one dial is
used for the mdfning peak, a second for the evening peak,

and the third. for the remainder of the day.

Semiactuated coﬁtrollers permit the cycle and phase lengths

to vary in response to the arrival of vehicles on the minor

or side street.’ The green light will be given to the main

Tunww fastio.com T
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street continuously until the controller receives a call

ffom a side street vehicle. If the main street has already
received some minimum preset green time when the side street
vehicle arrives, the signal will change to give the right of
way to the side street. The green time for the side street
will be equal to some minimum value plusg incremential addi-
tions for each vehicle arriving on the side street up to

some maximum. During heavy volume traffic conditions the
operation essentially becomes fixed-time since the main street
usually receives the minimum preset green and the side street
will receive the maximum preset green time. 'Thus the major
advantage of a semiactuated controller is realized during

the off peak periods.

Fully actuéted controllers use vehicle detectors on all
approaches and the cycle andphase lengths are generated in
accordance with vehicle arrivals on all approaches to the
intersection. For each signal phase it is necessary to set
minimum and maximum green times and vehicular increments

in green time. During saturation volume conaitions this
type of controller will tend to operate much as a fixed-time
signal although during lighter traffic and during traffic

fluctuations major advantages will result.

Lane occupancy controllers are fully actuated with the minimum
green and the vehicle interval set at zero. The controller

uses presence detection to determine phase and cycle length.

73
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A zone of detection 50 to 150 feet in length from the stop
bar is used fof each lane; whenever this area is occupied

a continuous call is placed with the controller. The green
is maintained uptil all vehicles leave the detection area orf
the maximum terﬁinates the green because of an opposing call. .
The lane occupancy controller provides automatic skip phase
and does not use a memory unit for calls received on the
yvellow and red-indications. The signal can rest in all red,
main street gréén, or last phase green whenever there are
not any vehicles at the intersection. During heavy volume
conditions the COntrollér will operate either fixed-time or
via terminatio;?of the green because the vehicle gaps are

longer than the zone of detection. This type of controller

is extremely responsive during off-peak conditions.

The volume density controller is a still more complex, fully
actuated controller that permits continual adjustment of both
the phase and cycle lengths in accordance with.vehicle arrivals,
waiting time, a@d arrival headways on all the intersection
approaches. Tﬁis complex controller comes equipped with
Vadjustments for minimum green, vehicle extension after the
first xx cars,‘ﬁéhicle passage time . (allows vehicle to

clear intersegtion or controller returns to this phase at

the first opporﬁunity), platoon carry over, and maximum time
out by: a) maximum green, b) time waiting on red, ¢) number
of cars wéitingion red, d) traffic density too low on green

phaée; When properly adjusted this‘cbntroller should be

ClibPD www . fastio.com
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more responsive to actual traffic conditions than the standard,

fully actuated controller.

The major advantages of the fixed-time signal over the
traffic actuated signal are:
- 1) Lower cost of traffic signal since a coﬁplex controller
and detectors are not reQuire&.
2) Lower maintenance cost.
. 3) Simplér‘for pedestriéns in urban areas since pedestrian
| push buttons are not requiréd.
4) Interconnected pretimed systems provide positive speed
control on the'major street.
5) Timing is éasiiy adjusted.
6) Uﬂder certain conditions peak traffic can be accommodated
at modest cost. |

7) Timing and coordination advantages in downtown grids.

.The advantages of traffic actuated signals over fixed-time
signals are: |
1) The traffic signal may be left in autométic‘operation
during light traffic periods., Fixed-time sigﬁals are
- normally turned on flashing operafion during the late
evening hours to eliminate the unnecéssarf stopping
of major street traffic.
2} The installation of tréffic signals will normally
reduce the frequency of right angle accidents bﬁt

rear—-end accidents tend to increase, The hazard
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associated with the arbitrary stopping of vehicles
is someﬁhat reduced. Of course this is affected by
detector placement and controller timing; i.e., the
véhicléfextension has to compliment the detector
rlacement.

3) With béékground coordination it is possible to provide
progfeégion and each local controller will enlarge the
green band by taking advantage of fluctuations in side
_stﬁéet traffic. This procedure is especially useful
when thé spacing‘between signalized intersections
does no£ compiiment a good time space diagram.

4) There is a greater potential to use more of the inter-
sectionicapacity by éllowing the controller to respond
to variétiohs in traffic. This will result in a lower
averége!delay per vehicle and under even moderate volume
conditidhs can have a very favorable cost/benefit r%tio

with respect to the additional cost of actuated signals.

decision to use a fixed-time controller or a traffic actuated
troller can be based on the following:
Fixed-fime signals are normally used in CBD grids with an

interconnect system. Progression speed is a function of

cyéle length and typical block length. Progression in a
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Fixed-time controllers can be used along arteriaI.Streeté'
thch have an interconnect system and the traffic volumes
can be realistically predicted. Traffic signals that are
less than a half mile apart should be interconnected for

- . coordination.

. Actuated signals can be used in a fixed-time coordinated
system at the intersection of two major streets or at a

location having more signal phases than other intersections

in the rest of the system.

Actuated signals should be used at all locations where
* the signal is installed for school crossing protection
as pef the guidelines in the California Administrative

Code.

Wherever traffic volumes are subject to sudden fluctuations,
actuated controllers should be seriously considered. Some
typical locations would be intersections adjacent to large
traffic generators; i.e., shopping centers, sports arenas,

. ‘ large employment centers, airports, etc.

Problem locations for the engineer can usually be handled
best with actuated controllers. The equipment has the
flexibility to offer a variety of control schemes for
difficulties such as high approach speeds, unusual street

geometrics, response to emergency vehicles.
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TIME SPACE DIAGRAMS

There 1s one thing more irritating to a motorist than having
to stop and wait for a green light at a signalized intersection,
and that 1s -- wéiting at the next one. The irritation seems

to rise as some exponential function of the number of consecutive

stops.

‘The coordination;of a series of such intersections i1s the only
means we have of}keeping this irritation from reachlng such
explosive propor%ions that could cause a cataclysmic catastrophe.
The coqrdination consists of attempting to tlme successlve signals
so that they tufﬁ green as one progresses from one intersection

to ﬁhe next, ahdﬁthus not have to stop at any location. The ideal
is 56 haﬁe a gféen fdr everybody 1n both directions on the highwéy.

How close we approach this ideal depends on:

.l. The.spaéing of the signals.

2. The offsets, or relatlive times the signals turn green.

3. There ién'f'too much traffic. Unfortunately, we only have
limited control over the first two items and very little
over the third item. We work with the first two ltems
to congfruct a tihe—Space dlagram with the zaid of a

Master Chart.

The Master Chart is laid out with speeds for varlous cycle lengths
in a vertilecal direction, and distance lald out in 2 horizontal
direction to a convenient scale. The diagonal lines across the

field of the chart are known as 1/2 cycle lines,
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The significance of these lines become immedlately apparent
when an overlay of a series of intersections along a street,

laid out to the same horlzontal scale, is placed on the chart.

If the overlay has evenly spaced intersections and is moved up
and down on the chart, it can be seen that there 1s usually only
one speed practical where the centers of the intersections intercept

the 1/2 cycle lines.

An ideal progression would have each signhalized intersection
right at the 1/2 cycle lines, Using the speed and cycle length

corresponding, it 1s simple to lay out the time space dlagram.

Aé an example, let us assume a clty street with intersections
at every 770 feet. They are evenly spaced. By some fortunate

circumstance 1t is assumed that some farsighted traffic engineer

was able to control the location of successive signals and only

every'other intersection is signalized. If a stralght line

1s laid out on a plece of paper and the %ntersections plotted

to séale, it can be seen that a 35 mph band speed can be

achieved for a 60-second pre-timed cycle. A 50-second cycle

would show a 42-mph band speed and a 70-second cycle would have

a band speed of 30 ﬁph. As volumes increase, more time is required
and speeds usually decrease. These ltems favor a longer cycle at

a slower speed. We may define band width as the number of seconds
avalilable for the through band. Band speed 1s that at which the
through traffiec can proceed through éll intersections as the vehicles

proceed along the maln street.
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As time went on, this area between 9th and 13th Avenue developed
into a business district, and it became necessary to signallze

the in-between intersections of 10th and 12th Streets.

If you take the full 30 second eastbound traffic band through
10th Street, you will note that the offset is 15 seconds and that
at 12th Street 1s 45 seconds. | ' i

Now look at the westbound progression. The signal offset is 15 -

seconds at 12th Street and 45 seconds at 10th Street. In order to

get bdth directibns of Maih Street through, the whole cycle is used

up and there 1s never any time for the cross streets of 10th and 12th
Streets! No oné éan get across the main street at these two locations
in the business district. The only thing that can be done is cut the
capaclity of the-tﬁrough band'to'15 seconds in each directlion by set-
£1ngldffsets at 10th at 30 seconds and 12th Street at O seconds, This
makes 10th and'ilth Street signals simultaneously and the 12th and

- 13th Street signais also'simultaneous. This cuts the'capacity of the
malin streét to less than 1/2 of what it 1s beyond the business district.

Note that the lasf half of the eastbound band is maintained, and the
first haif of thé-weStbound band. If the last half of each band were _
‘used, 1t would réduire 45 seconds at 10th and 12th Streets with only
15 seconds of cross street green-yellow time. This could be too short:

for pedestrians if the street 1is wide.

It should be noted though, that part of the 30 seconds of green time

on main street could be utilized for left turns.

Eastbound left tﬁfns at 10th and 12th Streets can lead the opposing

through movement’and westbouhd left turns can lag. At 1llth S{reet,
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westbound left turns can lead and eastbound lag. This concept

falls apart when the street is loaded.

The questioh arises as to what could be done to improve the operation

of such a system,

We can expect that the need for maln street green time 1s greatest
during the morning and afternoon peak periods. Hopefully, there will
be 1little cross street activity during the morning peak period which

occurs before retall buslinesses open up.

This hope 1s forlorn in the afternoon since the business dlstrict

is still alive durdng part of the—afternoon peak,

If we could rely on little cross-street traffic activity durlng both
peak perlods we might get by with lnterconnected semi-traffic-actuated

to service an occasional call across the maln street.

The only other alternative would be to lengthen the cycle length.
This would let more through cars through during the green period--
but there would be fewer of these periods. The band speed would
have to be lower. Individual circumstances determine how far one

can go thils way.

When signalized intersections are lrregularly spaced along a street,

it is impossible to get them fitted to the 1/2 cycle lines. Under

" these conditions 1t 1s suggested that the road be divided into sectlons.

Different spacing of signals in different sectlons wlll generally
requlre a change in band speed. Thls is no great problem since

traffic-seems to adjust satisfactorily.
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Adjacent signalized intersection often cannot be made to fit the 1/2
cycle lines. In tﬁis case adjustment 1s made to get each of them L
as close as possible to the 1/2 eycle lines and the dlstance from

the farthest away}intersections on eaéh sidé of the 1/2 cycle line .
equallzed. Also,'édvantage can often bhe taken of the lead-lag time
at offset intersections and "T" intersections if they can be moved

away from the 1/2 ¢ycle lines.

" TNK:mb
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TRAFFIC SIGNAL INTERCONNECTION

A series of traffic signals can be made into a system by
interconnecting them. There are two general types of inter-

connection - direct and indirect.

Direét’iﬁtercqnnection is usually restricted to fixéd—time
signal systems. Vfixed-time controllers with provision for
interconnection ﬁtilize 120-velt circuits for such functions as
offset, dial traﬁ%fer and system flash. These functions are
connected direbtl& betweénlthe master controller and the inter-
section controllé;s uéing the same type of wiring methods used in
wiring traffic signals. Direct interconnection is also used
between several traffic-actuated controllers formed into a system

along a street or at a diamond interchange.

The main adféntage Qf direct interconnection is its simplicity -
a minimum of terﬁinal equipment is requiréd at each controller. On
the other hand, éﬁantities of wire are required when the number of
functions is great and the éystem is extensive. This cost and that
of the incidentaisconduit is the main factor that must be assigned
to the direct meégod to berconsiaered when a study is being made to

determine which @ethod of interconnection is to be uséd.

‘Indirect inéerconnection_involves changing the interconnection
information into#some form that requires a minimum of interconnection
circuits. For eiample: to interconnect three-dial fixed-time
controllers requires seven conductors in direct means - Offset 1,

Offset 2, Offset 3, Dial 2, Dial 3, Flash and Common. In the
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simplest indirect means - one which utilizes 50 volts, half-wave
a-e - only two conductors (one telephone pair) are required,
"ground" serving as the common. However, a "master unit" is
required at the master controller and a "slave unit" at each
in;ersection controller. The cost of these units plus the instal-
lation and monthly charges for the telephone circuit must be
balanced against the cost of direct interconnection. 1In general,
the further apart the intersections are (in the absenée of existing
or dedicated ducts for interconnection wires), the more attractive

indirect interconnection becomes.

From this simple albeit crude method of indirect interconnection
we jump into the exotic field of data transmission. Here again is
a subject upon which we could spend a long time; data transmission
is involved with many disciplines besides traffic control. But let's

get it back to traffic control.

Multiplexing is a means of placing a lot of information on a
single circuit (two wires or a pair). A multiplex system consists

of a transmitter, a receiver and a connecting link. The two major

types of multiplexing are Time-Division {(TDM) and Frequency Division

(FDM) .

In TDM, the different traffic signal functions would be
transmitted and received in sequence and with synchronized time
assignments., It can be compared to having a series of railroad
trains running on a sindle track. The trains will utilize only one
track but they cannot all arrive at the same time. If we were

looking for a certain shipment (or piece of information) we would
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néed to identify the ﬁraiﬁ it was on. If the trains left on a
fixed schedule and we knew the running time, we would know when
to look for a par#icular train at a particular station. This
would be a form b% synchronizing the system. Also, the shipment

- would have to be labeled to determine at what station it is to be
delivered - the address. In an eiectrqnic TDM system, the infor-
mation is sént in frames. Each frame typically consists of three

. parts: synchroniiing signals, address signal, and the data itself.
All of this inforﬁation is transmitted as a series of pﬁlses or

digital bits.

In FDM, each of the different traffic sighal functions would
be trénsmitted aéia different frequency, all of which could be
received at the éame time; It can be compared to operating several

~trains on as mahy.parallel tracks built on a common roadbed. All
trains can arrive at the same time. Identification of trains is
quite simple here.- we simply look at a certain track. In an
electronic FDM system we do this looking by means of filters that

block out all fréﬁuencies except those that we want.

1f we again consider the 6-function traffic signal system
mentioned previously we see that we would need six multiplex
channels. In TDM this would require six different time assignments;

in FDM, six différent frequencies.

At the master controller is a transmitter. The transmitter
in a multiplex sYstem is usually called a modulator. The modulation
process consists of converting the information to be sent (six

signal functions in our example) into a form that can be handled
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by the particular system - a series of coded pulses in TDM,'
several frequencies in FDM. At each receiver the transmitted

pulses or frequencies must be decoded or demodulated into a form .

that can be used by the intersection controller. The receiver

is called a demodulator. The set of a modulator and a demodulator
at opposite ends of a circuit are sometimes called a MODEM. The
term MODEM is more commonly applied to a single unit which can

perform both functions.

The link between transmitter and receivers in a multiplex
system can be either wire or wireless. A wire link can be a
voice grade or better commercial telephone channel or a special
cable installéd for the purpose. In the latter instance, multiple
cable pair costs must be balanced off against the cost of
multiplex equipﬁent. Wireless links are of course radio, and
involve not only the modulators and demodulators but also radio

transmitters and receivers - the feature is the elimination of

interconnecting wire in any form.

A few final words about multiplex interconnection =~ the
terminal eguipment is expensive when there are a large number of
channels. The designer might think that there are no limitations
on multiplexing insofar as capabilities. well, hé's right - you
¢an do anything you want as long as you're willing to pay for it
in terminal eguipment and telephone channels. But there is a
practigal limitation -~ if you don't watch out you'll end up with
a tremendous investment in interconnection hardware. For example,
the fact that we can ééh& n dhanhelé over a single telephone pair
does not mean that we have to design our signal system around n

interconnect functions.
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TRAFFIC SIGNAL PRE-EMPTION

Pre-emption is the appearance of a special signal indicatfon
sequence different than that normally provided by the controllef-'
used to operéte the traffic signal. This special sequence can be
used to: clear an approach that extends across railroad tracks
(done bfha railfoéd pre—emptor), provide a green siénal indication
on a single approach for an emergency vehicle (controlled by an
emergency vehicle or fire pre-emptor) or call the signals on a
pérticular stréeé to gfeen indicétions (controlled by an emergency

vehicle phase selector).

Pre—emptofé‘are different from phase-selectors in that the
former always_pﬁqvide an exclusive right-of-way on a single approach
during a portiOn'of the sequence. With a phase selector both

approaches on a street can have a green signal indication.

Pre-Emptors - General

Railroad and fire pre-emptors fall into two gereral categories,
external and internal. These categories refer to the relationship

of the pre-emptor to the controller unit.

The earliest external pre-emptors as used with pre-timed and

actuated controllers were simply relays that when energized
switched signalnindications on all phases to "steady red". This
"all red" was tﬁé "hrute force" approach and provided no yellow
clearance interﬁgls. Certain agencies such as the State of
Caiifornia begaﬁ-to require yellow clearance intervals and the
pre-emptors greﬁ considerably more complicated; First, a separate

controller was fequired_to give the necessary pre-emption clearance
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and green intervals. Second, transfer relays were needed to at
some point in time to switch.certain signal light circuits from
the controller unit, or its external relays, to the pre-emptor.
Finally, sensing circuits were necessary to advise the pre-emptor
which interval of which the controller unit was in at the time
pré—-emption began -- this determined the initial.pre-emption

intervals. And provisions had to be made to give a pre-emption

' sequence from flashing operation. All this required numerous

relays and the essentials of a pre-timed controller unit. The most
recent external pre-emptors utilize solid-state circuitry and in
addition operate in conjunction with the controller unit rather
than separate from it. As a result power-handling transfer relays

are no longer required, all transfer is done at iow control voltage

‘level. Most modern solid state controller units have functions

v

accessible at the connection cables; this to some extent simplifies
the requirements of this kind of pre-emptor. In addition, timing
of the intervals is easily adjusted. Normally, each pre-emptor

of this type:is deéigned for a specific location, so there is rarely

interchangeability in spite of identical connectors.

At least four manufacturers, Fischer-Porter, General Railway

Signal, Multisqnics and Singer, now offer internal pre-emptors in

the form of plug-in modules. These modules function as an integral
part of the controller unit, further simplifying circuit requirements.

Means are provided to program sequence and adjust timing.

The ultimate in simplicity in pre-emptors lies in the mini-
computer controller unit. Here, the pre-emption segquence can be

some steps in the program. In addition, the sequence can be made
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to vary as a result of dufation or frequency of pre-emptor demand.
More about this in the period on mini-computers.

' If a particuiar traffic signal is unfortunate enough to have

a railrocad pre-emptor as well as an emergency vehicle pre-emptor
the railroad'pre—émptor has priority. This is because it is easier
to stop an emergency vehicle than it i§ to stop a train. Further- .
more, the emergenﬁy vehicle's route could beracross the tracks, so

the vehicle would have to wait like the rest of us.

Railroad Pre-Emptors

Where a raiifoad track intersects an approach to a traffic
signal 200 feet or less from the intersection and the railroad grade
n crossing is protéﬁted by flashing lights or gatés, a railroad pre-
emptor is fequiréa. The operation of the pre-emptor is started by
a circuit from the railroad's grade crossing protection equipment,
This cifcuit shqaid be of the "fail-safe" type so that the pre-emptor
will be started by opening of the circuit by either the grade

crossing signals or by a failure of the circuit.

A typical sgénal indication sequence for a railroad pre-emptor
consists of the following intervals:
(1) A yelléw (clearance) indication for thése
sighal}faces that are facing approaches to
be stopped if pre-emption occurs when these
signal;fabes‘are green.
(2) A greeﬁ indication for signal faces facing

the approach across the tracks, red for all

other Eignal faces.
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(3) A yellow (clearénce) indication for signaf
faces that are green in {(2).

(4) Flashing yellow for artery signal faces,
flashing red for all other signal faces.
This interval is terminated when the railroad
crossing is cleared.

(5) The traffic signal returns to automatic
operation with a green indication for one of
the tfaffic phéses, usually the artery. In
addition, calls are placed in all the other
phases to serve waiting vehicles and
pedestrians. (Pedestrian siénals are dark

during a railroad pre-emption sequence).

The raiiroa& company's grade crossing protection equipment
is a subject by itself. Suffice it to say that such things as
the Marquardt Grade Crossing Predictor, which serves to guarantee
that the gates'drop a certain length of time before the train
arrives regardless of train speed, are as sophisticated as the

most elaborate solid-state traffic-actuated controller units.

Emergency Vehicle Pre-Emptors

There appears to be some gquestion as to the'value of emergency
vehicle pre-emptors. It should be noted that none of the metro-
politan cities in the San Francisco Bay Area have anything other

than isclated installations of such pre-emptors. On the other

‘hand, many smaller cities have the pre-emptors on many of their

signals., 1Is the need inversely proportioned to the population?

1
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From a purel& traffic safety viewpoint it would appear tﬁﬁt
pre-emptors give little better protection than is afforded- by the
legal reqﬁirements that non-emergency vehicles must clear inter-
sections and pullhover to Fhe right at the warning of a siren and/or.
red lights. Howevexr, the distraction and sound—-deadening offered
by stereo sound and air-conditioning probably causes some modern
motorists to missithese warnings. 8o there does seem merit in
stopping a motoriét about to cross a street to_be used by an
emergency vehiclé:with a red signal rather than depending on a siren

or a red light on .the emergency vehicle.

Of even moré”importance_is the safety value to two emergency
vehicles about to enter an intersection on confiicting approaches -
with a pre—empto£ only one would have a green signal. With properly
laid out emergendy vehicle "routes" (streets designated for emer-

gency use) such a'situation should not occur - but it has.,

Most emergeﬁby vehicle pre-emptors are for the use of fire
engines and are controlled from a fire house adjacent to the
traffic signal. Hence we have the vernacular term "fire hall”

pre—-emptor. Sinde time is requiréd for the fire eguipment to move

from the fire house to the signal an interval is incorporated in

the pre-emption SQquence to delay the beginning of the segquence
after actuation gt the fire house. Following'this there is:
(1) A yel;éw clearance interval for those signal
heads that are facing approaches to be stopped
if pre-embtion occﬁrs when these signal heads

are green.
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(2) A green indication for the signal heads
contrelling the approach to be used by the
emergency vehicles. On California highways
this should not be more than 30 seconds.

(3} A yellow (clearance) indication for the
signailheads of (2). |

(4) Return to normal operation at the beginning

of a green interval on the main street.

Pedestrian signals go to solid "DONT WALK" indications

immediately upon beginning of (1l).

'Emergency Vehicle Phase Selector

The emergency vehicle phase selector is unusual in that the
special sequence is initiated by the vehicle. This is done by
means of a high-intensity light source that is flashed in a
special coded sequence. The receiving element located at the
traffic signal is designed to respond only to this particular
code, it is not affected by either daylight, headlights, or:high—

intengity light source with another code.

Upon receipt of the proper coded light, the phése selector
operates by disconnecting the detecfors and placing a call upon
the aesired phase. It is apparent that the phase selector is
inherently simpler than the emergency vehicle pre-emptor. Such
things as a separate controller, transfer relays and a sensing
pedestrian circuit are no longer required. The controller unit is
used to perform some of the interval timing and éll of the light

switching required for the special seguence.
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This problem would not occur if the particular phase to
be called is operated "single entry" - that is the two approaches
are operated by separate controller phase sections and either

green can appear by itself.

If two conflicting approaches of an intersection are each
equipped with a phase selector, the first one  called will operate
to give its approach a green signal, the other must wait his turn.
The emergency vehlcle drivers must of course be instructed to

expect this and walt.

During the sequence controlled by the phase selector, the

pedestrian 51gnal lndlcatlons are solid "DONT WALK".

It is possible to use the coded flashing light source and
receiver requirediﬁor the phase selector to oPerate the emergency‘
vehicle pre—empto} described previously. This provides the

advantages of both systems in one.

Unlike ﬁhe emergency vehicle pre-emptor the phase selector
could, under many circumstances, result in a green indication for
both approaches of a street. For this reason it is distinguished
from a pre—emptor, which during pert of its sequence provides

exclusive rightmof—way for a single approach.
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TRAFFIC SIGNAL COMPUTERS

By Derek Gitelson, Associate Highways Electrical Engineer
California Division of Highways

What is a traffic signal controller? One definition might
be: A device which controls the flow of traffic at an inter-

section according to ‘some predetermined rules of operation.

’
What are some of the devices that fit this definition and

how do they £fit it?

The simplest device to fit this definition is the pretimed
controller., How does this fit? First it foIldws certain rules;
it has a fixéd cycle length and a fixed division of time amoﬁg'
a fixed number of phases. Its only degree of adjustability is
the cycle length, within linits and in fixed increments; and the
percent of the cycle time allotted to éach phase. It fits the

definition.

There are several things'we can do to this'pretimed controller
to make it more flexible. 1If we add a second and maybe a third
timing dial, a time switch for dial selection, and interconnect
a number of these pretimed controllers we still haven't violated
the definition. We've increased the number of predetermined rules
by which the controller operates but it still operates bj predeter-

mined rules and still controls the flow of traffic at an

_intefsection. Our definition still holds.

If we make the master controller, for the system described
above.responsive to traffic volume, you might think it now

violates the "predetermined rules" portion of our definition.
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But does it? No, because when we determine what volume levels
are .going to cause the system to change cycles or offsets we are

still predetermiﬁing the operating rules.

We have now arrived at a fairly flexible traffic control
system that can‘ﬁand1e some traffic problems quite well. Two of

these are direcﬁional traffic peaks and 2-wa} progressions.

By increasing the sophistication of our equipment we ¢an
make the controller at one intersection re#ponsive to the traffic
at the intersgction it controls., This type of control ranges
from the simple -- a lane occupancy controller which provides a
green only when there is a vehicle in a specific area; to the
complex == the gp-called volume-density controller (so-called

because it doesﬁﬁt really?%?ﬁ?ﬁf?density).

Now we are at the heart of the matter. Contrdile;s have
reached the levei of sophistiéatidn where they follow many "rules"
which are adjustable in the field. Also, there are more than six
companies maﬁufacturing controllers in ﬁhis country. Each
company has determined a set of fixed rules that they incorporate
into the design of their controller. The salesmen also say to the
traffic engineer "you may change some of these rules”, apd in
some cases, sémelof the fixed rules may be modified. There is

only one probleﬁ with this: even with the mocdifications, none of

them do it right (i.e. MY WAY).

What is the result of this? We write specifications and draw

plans whicb force the manufacturers to modify their equipment into
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d01ng somethlng 1t wasn' t de51gned to do. What's wrong w1th

SweT TTo. - - Zz=Tl ol — TTLOAT T LETVEZLE

this? It creates delays 1n delivery and problems in constructlon
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and maxntenance of the equlpment. It also increases the cost of

the controller because each unit is a custom design.

—— e - P - s w e

Thasemlght be called fxxed program spec1a1 purpose computers.

A flxed program speclal purpose computer, even w1th some fleld
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adjustable parameters, is flne for solvlng problems that don't

ll'l

change. - Unfortunately, traffic problems aren't nice like that.

They change. S - : - - owrL TmTREI

What happens as a result of thls? A 51gna1 system deSLgned

to solve a glven trafflc problem is 1nstalled at an 1ntersectlon.

e -

The problem is solved. or is it? One of four thlngs has

B e ————— e ——

happened. 1) Nothlng at the lntersectmon has changed and the

design was correct so the problem is sclved, 2) Nothing has changed

" i e A7 - ol wm

but the desigh was wrong; 3) The problem has changed and the
solution is now wrong or; 4) After the signal is- installed it--:

changes” the problem, - R Amii T.ITz BT TIIE TLEL OEL

- e L ——— R —— - =4

_In the frrst lnstance you can walk away and forget lt. If any

- - . - — - P - = = e -

‘of the other results occur you Stlll have a problem whlch may be

worse than 1t was before. _If you can't solve your new problem by

—— - = .

- -

changing the field adjustable parameters then 1t usually w111

require much tlme and money to solve it.

Since generally the solutions to the problems involve changing
the rules by which the s;gnal operates, why not make the rules in
a way that makes them easy to change. 1In other wordslr“wrlte“uthe
rules instead of "building"” them with printed circuits, transistors,

‘switches, IC's and wires.
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How do you do this? You use a computer where the rules are .

written in the program.

What kind 6f computer do you need? An IBM 370? A Xerox
Spectra -70? Or a Computer Automation Alpha 162 We need to know

what we want to do before we can sglect the right computer.

We must now ask, "what exactiy should a controller unit be
able to do"? Tﬁe most vital thing it must do is‘timevcertain
intervals. Thi§ means it must have some means of keeping time.
In a computer tliis is called a real time c}ock (RTC), and this
clock forces thé computer to relate to the speed at which things

happen in real time in the outside world.

Timing intérvals won't do much good if the controller cénnot
communicate with the real world. Computer communicat;oh is called.
input/outpupﬁ(xko) and will be referred to as such hereafter. How
much I/0 is required? This is difficult to say unless we have a
specific applic;tion in mind. The California Division of Highways
is currently considering using a computer with 64 inputs and 96
outputs. The inputs are used for such things as: detector
actuations, recall switches, interval selectors, timing control
inputs and special functions. OQutputs are for: signal Lndlcatlons,‘
timing outputs and pilot lights to indicate phase, current timing -

interval, cause for termination of a phase, ete.

Speed of operatlon is another factor which needs to be
considered. A computer operates by following one rule (called an
instruction) at a time. The time required to do an instruction
varies from ¢om§uter to computer but for our purposes it is
necessary to doﬁinstrubtions relatively qguickly because we are

-
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operating in real time. How fast is fast enough? Typicai. 3
computer instruction execution times are from 0.7 microseconds
to 8 microseconds. Another thing to consider is that the amount
of logic that one instruction can do varies immensely'from

machine to machine.

Digging aeéper into the problem of operating speeds, we find
that the cdmputer will go through its program once everf fixed
time interval. A program run probably will not req&ire more than
1000 instructions*, even for the most complicated intersection.
Now if we assume that the fixed time interval is 0.1 éeébnd (this
interva} has been used and is quite satisfactory) we find that to
do 1000 instructions in this interval each instruction must take

less than 100 microseconds. This indicates that even the slowest

machine mentioned above is over 10 times faster than our minimum

requirement!}

The preceeding calculation assumes a quantity of 1000 instruc-
tions required for the operation. The question is how many
instructions are required for a given intersection and how large
a memory.is required to contain them? This cannot be accufately

answered until a program is actually written. From past experience

it is known that less than 4000 instructions are required for a

complex intersection so we can say that a 4096 (4K) "word" memory

will be sufficient.

* The total program may be over 1000 instructions in length but
not all of them will be used every time.

-5-
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What is a ;WOrd”? A word is a basic unit for_the_sto;age
"and use of data and instructions in a computer. ‘Eeoh word is
made up of a number of bits (usually 8, 12, 16, 32 or 64). A bit '
is the most basic plece of information in a computer and a11 data
and instructions are combinations of bits. A bit may have only

32 values: True or false. Combinations of these true-false values

control the operation of a computer. ' . _ -
) - -

How long should our computer word be? In most traffic .
applications 8 bits would be adequate but 16 bits provide greater
flexib;llty and a more powerful lnstructlon capablllty.' 12 bits
would also work but competition in 12-bit machines is limited and
‘costs could run higher. The California Division of Highways has

‘¢hosen a 16-bit word length for its applications.

iﬁothex faotor affecting the memory is "what happens in'case
of a power failufe" For traffic control purposes it is essential
that the xnstructlon set not be lost in case of -a power failure.
This means the memory should be of a magnetic rather than semi-

conductor type as the magnetic type will retain its information

without power.

Since we_aée depending on outside sources of power it is
reasonable to aéeume that sooner or later there will be a power -
failure. When ﬁhis happens, it is necessary to shut down computer

operation in an orderly manner, to avoid destroying the program,
~as the power‘ su"éply output drops. Also, when power is restored,
it is not a go04 idea to start at some random point in the cycle

so it is also necessary to start up in a specific sequence.
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The device that starts and stops the computer is called a
power fail restart (PFR) feature. (It is optional with the
buyer whether or not he buys it). The PFR causes the computer

to start up and stop in a pre-programmed sequence.

We have now pretty well defined what we require in a traffic
- control computer. It is a 1l6-bit word 1en§th computer with!4K of

magnetic memory, a real time ciock, power fail restart capability,
_'““f:]an instru@tion time of less than 100 microseconds, 64 inputs
and 96 outputs; It shpuld also fit in a controller cabinet on a
street corner. Of the computers mentioned earlier only the Alpha

16 meets these requirements without so far exceeding them as to be

wasteful. . - >

Now, before you rush out and buy a computer to plug into
yéur problem intersection there are a few other things you need

to know.

In order to communicate with a computer, you must learn its
language, you must have some means of talking to it, and you must

learn what the buttons and switches on its front panel do.

The means of talking to it is usually a teletype invariably
modified by the computer manufacturer to conform to his computer.

In the modified condition, cost ranges from $1200 to $1500.

For our appllcatxon, learning the computer's language and how
its swltches work is called learning to program and can take from
80 to 120 hours.of class work plus an equal amount of out-of-class

work before you become moderately good at it.
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Some'other factors that need to be considered are:
environmental co#trol, special I/0 requirements, the need to
provide traffic-ériented controls, special training for maintenance
personnel, cost reliability, and standardization (to minimize
training, prograﬁming and maintenance costs aﬁd allow .

-i interchangeability). . . ' -

Lets see hoﬁ those other factors affect our design. First :
lets look at environmental control. Due to the characteristics
of magnetic memotiés they will not function properly above a
critical temperagﬁre {usually around 50°C) and above an even
higher temperatu;e (75°C+) they can be permanently damaged. Below
0°C the electronic circuits begin to malfunction. For these
‘reasons, the temgéraﬁure in the cabinet must be maintained between
these limits. In almost all cases this will mean an air-conditioner

and in some cases a heater or both.

Our next consideration was I/0 requirements. The special I/0

requirements consist of making all inputs to and outputs from the

Ve

computer operate at 0 and +5 VDC (Standard computer I/0 voltage).
This will mean modified load switches for outputs and minor
modification of ;nputs to the computer., It is also possible to

get computers with nonstandard input and output voltages that would

reduce this problem.

What about the problem of man/machine interface? All traffic
_signél controller units come with controls and indidators that
relate to traffic. ALl computers come with controls and indicators

 that relate to what_is happening inside the computer. The computer
-g-
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' Controls would generally consist of recall switches, timing con-

(6%
controls and indicators can be used to do anything, more than B

the{éontrols and indicators on a standard controller. Unfor-

‘tunately,-thg_gontrols aze.gll'computer oriented rather than

traffic oriented. To overcome this problem it is necessary to

provide external traffic-oriented ¢ontrols and indicators.
, . .

. -

trols and any other inputs you might want. ' Indicators could show
phase, calls waiting, phase next, timing interval in, reason for

termination of green, ete.

-

Maintenance must be considered before deciding on a computer

‘gdntroller. Maintenance and operating personnel will be unfamiliar

.with the new equipment and will be hesitant about working with it.

This will have to be overcome by education and "hands on"
experience. It is advisable to provide 40 to Go_hours of training
to the maintenance and operation people to enable them to become

familiar with the equipment.

And of course the spector of cost rears its ugly head. How
well does a computer compare to a regular controller as f&r as cost
and reliability are concerned? The cost of the computer we
described earlier should bé under $5500, compared to over $7000 for
a Series 90 controller from Automatic Signal Corporation. From

published information and past experience, the computer should go

for a year or so before its first hardware failure while current

solid~state controllers seldom run that lohg without several
problems. From actual experience, the State has experienced less

trouble £rom its computer controller than from comparable type 90

controllers.
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As your system becomes more ccmplex_wifh the addition of

railroad and fire'pre-emptors and interconnect functions the

cost advantages of a computcr become more evident. Why is this?
Well, in a standard system a pre—emptor usually 1nvolves $4,000
to §$6, 000 in addxtlonal hardware but with a computer it 1nvolves,‘
typically, 20 hcurs of programming ($200 at $10 per hour) to
accomplish the saﬁc thiné. Interconnection functions are

implemented in the same manner as pre-emptor functions and at

* gimilax reduced costs.

¥

Now that I have sold you on rushing out and buying a computer

or tﬁo, I'm écing“to tell you why to not rush out.

fouf biggast%problem will be software. Scftware is the
prbgraim you cr-thé equipment supplier writes to tell the computer
the rules foﬁ wish to control traffic by. Once you have learned
the basics of programming it will take 60 or 80 or more manhours
to establish the logic and write the program for a moderately
complicated systcﬁ. This time requirement will drop rapidly as
more programs are.wricten and added to your program library. You
will discover "glitches" in your program once it-is operating in
the field and theae will requife time to isolate and correct
(debug). I sﬁroaély recommend that you develop the ability to
create ycur owa scftware becauSe it is not easy to tell someone

else exactly how fou want YOUR system to work.

The relative cost ofca computer system, compared to a
conventional systém, will be high until the traffic situation you

are controlling becomes relatively complex. The guide line I am

~-10-
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currently using is that anf intersection that requires concurrent-
phase timing should be considered for a computer and if the
intersection has any unusual feature, such as pre-emption, then

use of a computer is indicated.

As you p;bbébly can tell, i st@EEly favor the use of computers
for traffic cénﬁrol. I do so becausé.a computer gives me the
opportuniﬁy to control an intersection EXACTLY thé way I think it
should be done without compromising because I can't get equipment

that works as I think it should.

!

~11-
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Traffic Signal Layout

Purpose: To aéquaint Traffic Department personnel who are
"+ - " not éngaged in electrical work with design consid-
erations for traffic signal plans. It is not

intended to provide a check list.

Uniformity of Plans for Signals:
At present there are almost 100 contractors who
. bid State electrical jobs.  Of these, about 25%

bid‘o'n projects in more than one highway district.

Standard Sy;nboi's:
Sign"aji standard with mast arm o——+ :
Eleci-.:'.rolier (30') 400 watt o—}
Eiectrolier (40') 700 watt o—

Condﬁit (lighting only)

Condi;it (signals),

1w 3 C head W/back plate on 10' std o—}»

2 W 3 C head w/back plate on 10' std °<::

2 W3 C head on 10' std for LT traffic 4-%-I-O-I+ .
Signal std w/mast arms for signal head and light O—CI-}
W-DW head on 7' std o—m

Magnéfome‘te_r detector —eo—se

Ldop: detector —I1J

District 04 loop detectors
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Figure 8—1.Correspoﬁdence Course
Comments: 1. Ped heads‘usuaily not required for ga.
2. BY ped heads should be in w/X-walk.
3. Two veh heads minimum for each approéch.
4. Luminaires and mast arm heads are added at

most intersections for main road traffic.

Figure 9-10 Traffic Manual
Comments: This figure is for illustrative purposés only
because:
1;  One PPB is on a signal standard and the other
is on a separate post--both are the same
* distance from X-walk.
2:}‘There is normally no far left signal head
IWhen there is a median because: A) It is
not in a position to be easily visible to a
dfiver. B) If it is seen, it could be in
conflict with the signal head in the head-on
- position.
3. Note that the location of ped heads provide
best visibility. If no median or on a one-way
street, vehicle head location provideé best

- visibility.
General Discussion

- 1. State standard pléns pfoﬁide 12 different signal standards

with mast arms, depending on the need for lighting

www . fastio.com
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equipment,?ﬁhe height of lighting eguipment and the

length of the signal mast arm. Signal mast arms vary

in length from 15' to 45'. The 1uminéifes on signal

standards are mounted at approximately 30', 35' or 40°,

There are three different sighal standards without mast

arms. The differences between fheée standards is somewhat

~subtle. Eéch district seems to have standardized on one

of the types.

Height.of signal heads (to bottom of the head):

A,

B.

C.

Pédegtrian heads - 7°'.

Braéke% or post top mounted vehicular heads - 10°
exgépf, left-turn signal heads are 10' for the far
in&ica%ion and 4'-6" for the near indication. Where
there is no median or the median is less than 5°'
wide,l% mast arm far indication may be provided and
the seéon@ indication mounted on the far left corner
ofithefintersection.

Mast arm indications - 17' to 19°'.

Location of Standards:

a.

Minimum of two (far left and far right corners) for

each approach.

Third indication is usually located on a mast arm when
the approach is 50' in width, or four lanes, or at the
first éignalized intersection of a two-lane road in

an urban area.
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C. Signal faces should be located within 20° laterally
| to the right and left of the center lines of the
approach lanes at the stop bar. Ovefhead signal
faces'should be located no nearer than 60' beyond
. - theistop bar. When the distance from the stop bar
“ to ﬁhe overhead signal is 120%', a supplemental, 10°
. : high_signal should be located on the right of the
approach lanes and as close to the stop bar as
possible.
D. - if the installation is part of a two-phase progressive
'sysfem and 1eff—turn lanes are provided, a near side
signal, 10' high, may be installed in the median.
Far median signal indicationé are.resefved for those
10cati6ns where left-turn lanes and separate left-
turn signal phases are provided. |
E. Left-turn signai standards should be iocéted opposite
the outside edge of the controlled left-turn lane for
signal head programming.
F. The distance from signal and lighting standards to
curbs depends upon the sidewalks. The standard is
- located a minimum of 2'-6" frém the curb face when
there is a wide sidewalk (7' wide and wider) and
behind a sidewalk that is less than 7' wide.
G. Advance flashing beacons should be located a minimum

of 800' in advance of the stop bar.
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_ 5; Color, Sizé and Position of Lenses:

A, hil siénal faces except the "WALK-DONT WALK" have a
minimuﬁ of three 1enseé= Top-red, center-yellow,
bottomfgreen or, for left-turn indications, green
arrow.{AA green vertical arrow may be shown in place

" of a round green 1ens-to indicate that traffic may
proceéd straight through the intersection but may not
make éxrighf of left turn. It shall not be illuminat
'siﬁuiféneoﬁély'with a red lens. |

B. At intersections where a right-turn peak hour movement
exceéds 200 vehicles, it is permissible to display a
righfffurn arrow for this movement during the non-
cbnfiiéting left-turn phase of the cross street. It
is pfeferréd to provide a separate head for the right-
turn ﬁpvement. The head should be a'fhree*section
head with the following configuration: Top-red,
céntef—yéllow arrow and bottom-green arrow. Where
i; is ﬁot possible to provide a separate head, a
fiVe—ééction head with the following arrangement of
lenses may be used: from the top, red, yellow ball,
yelloﬁ"arrow, green ball, green arrow. Red arrows
ére aliowed‘by the Manuél of Uniform Traffic.Control

Devices but are not used in California.

_ Standard Plan ES-2B
Comments: ﬁoté 1. Type l-B standard
2, Signal head mountings

3. Flashing beacon details

ClihPD wwwLfastio.com
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Figure 9-9 Traffic Manual
‘Comments: This is a typical traffic actuated signal plaﬁ
- showing thé phase diagram. The detectors are
located in respect to the lanes and stop bars,
the signal sténdards and signal heaés, the con-
. A ‘ troller cabinet and the advance flashing beacons
are shown in the proper locations. The electroliers
at the left-turn lanes may be mounted on tﬁe outside
6f the travéled way or in the median. A pole
schedule and a conductor schedule are added for
clérity and estimating purposes. Section 9-05-8
of the Traffic Manual lists eight points to consider

in ‘locating the controller cabinet.

Figure 9-8 Traffic Manual
Comments: Tee Intersection
1. Ped heads could be used if the intersection
will not be changed to four-legged intersection.
Offset Intersection
1. Note definition of offset
. 2. It may be necessary to present an "all red”
interval at the end of each phase if vehicles
do not clear the intersection.

3. No vehicular indications at the far intersection.
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Conclusions: -

Plans for signal and lighting installations should be lééible
and as free as possible of unusual symbols. The scale should
be 1"=20'. Locations of utilities may be shown on signai
p}ans if it ié possible to do so.without confusing the con-
Ntréctor. Ofééﬁ signal plans are reduced and included in the

book of Special Provisions.
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TRAFFIC SIGNAL WIRING

Usually, ﬁréffic signals are wired with separate conductors
placed in steel or plastic conduit. The qonductors are insulated
with plastic insulation that is identified as to circuit by color
and stripe. The standard conductor is No. 14 AWG copper, with

No. 10 AWG used fé: neutrals.,

- The other material used is l2-~conductor cable.l The individual
conductors are the same as the separate conductors described
previously, the change is the addition of a plastic jacket over
the group of twelve conductors. The cable would cost more per foot .
than would the same number of separate conductors and it occupieé

more conduit space, assuming the same insulation thickness. However,

the individual conductors in a cable could use "thinwall" {2-64 inch

thick) insulation instead of the usual 4-64 inch thickness. This

would make the costs more comparable.

The cable also raises a possible problem in that the number
of conductors in a particular conduit run must be in modules of 12.
For example, if yvou required 28 wires and 2 spares you would need
3 cables and would have b "spare-spares“. Another problem is that
of these cables and detector cables interfering with each other

during pulling operations.

For temporary systems the wiring can be placed overhead by
lashing it to span-wires. Either separate wires or cables can be

used for this purpose.
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SIéNAL INDICATI&NS - SIGNAIL HEADS

The most important items of traffic signal control equipmént" “
are the signal ihdications. This is because signal heads are
what ultimateiyfcontrols; stops or dlrects the motorist.
'Regardless of the“Sophistication of the femainder of' the
equlipment a traffic signal's effectiveness can be defeated

by improperly located signal indications.

The MUTCD (Manﬁa; on Uniform Traffic Control Devices) in its

- i971;editioﬁ'feQuires at least two signal indications for each
_tr;ffic appréacﬁ.! An ekeeption is that a single signal is
permitted for aﬁ exclusive turn lane, such as a left turn lane.

(California preééntly intends to continue using two.)

The two indications mentioned previously must be located as
follows: ét'least one of- the signals must be located not less
than 40 feet and not more thaﬁ 120 feet beyond the stop line
pavement markihg and within a horizontal angle of 20 degrees

- either side of the centerline of the respective approach. In
addition the tﬁ& signals for any one approach cannot be less
 than 8 feet apayt meaSured horizontally. This would prohibit
locating the two indications for an approach one above the
other at different helghts. However one indication could be
above the otheffif 1t was mounted on a mast arm with a length

of at least 8 feet.
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The normal slgnal head consistg of three faces arranged

vertically in the order: red-top, yellow-middle and
green-bottom., If the faces are arranged horlzontally, the

red is at the left, yellow-middle'and green—right; Horizontally
afranged signél heads have a more aesthetlc éppearance on mast
arms or signal brldges; their dlisadvantage is the confusion

that they may cause to partially color-~blind motorists who
always expect the red at the top. A Canadian firm has solved
this problem to some extent by using_three shapes - circle,
square and diamond - to distinguish the colors. The present U.S.
standard permits only a c¢ircular indication so this equipment

1s not used here. The "Symbolite", as it 1s called, has cne
limitation ;n that the shapes are not readily recognized from

the dlstance that the ceolors would be,

SIGNAL FACE SIZE

The lenses for signal faces are avallable in 8-inch and 12-inch
diameters. The 8-inch face normally uses a lamp that provides
650 lumens light output, the 12-inch face uées a 1950 iumen
lamp -~ both figures being minimum values. The wattage of the
lamps 1s determined by the design voltage. The higher the
design voltage, the longer the lamp life and tpe higher the
number of watts to produce a given number of lumens. The
standard traffic signal lamp has a design life of 6000 hours

in the 650 lumen size. There is alsoc a 1260 lumen size that

is sometimes used with the 12-inch face.
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The 8-inch face is'thé'normal size for most applications.

The new MUTCO makes the iE—inch size mandatory for any
location where the approach speed exceeds 40 miles per hour
and for all arrow indications. Many traffic engineers prefer
to use 12-inch faces for all mast arm-mounted signals.
California haé made the red 12-inch diameter for mast-arm

~

mounted signais.

ARROW SIGNAL FACES

A elrcular gréen permita traffic to proceed straight, turn
right or turn;left - In the absence, obviously, of opposing
traffic 6r'ofﬁsigns or pavement markings to'thé contrary.
Where traffic’movement is to be restricted to a certain
direction an arrow mask is added-to the lens. For example

a vertical arrow (point up) indicates that traffic may move
straight ahead only. When the arrow lndlcates that only a
left turn movément 1s permitted 1t ordinarily alsc indicates
that all conflicting traffic is stopped. In othér words, a
‘left turn arrow dould not be properly used on a simple 2-phase
signél? exéepf at a "I intersection. It is prober to use the

arrow during a leading or lagging left turn movement.

The 1971 MUTdb allows the use of a not only the green arrow

but also a yeilow and red arrow. These woﬁld be used as the
"yellow clearance” and "red stop" indications for the corres-
ponding greeﬁ arrow. Theoretically they would eliminate the
need for the louvers or speclal programmed visibility traffic

signal faces now required to restrict the view of signal heads
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to the approach to be contfolled. Practical;y, it is likely
to confuse motorists by allowing them to see all indications
in a certain general direction and then have to make a
decision. Presentiy where there 1s a left turn lane,through ..
. traffic can see the green arrow but not the cirecular red or
yellow contrdlling left turn traffic. The left ﬁurn traffic
can often see both through and left turn signals but signing
' permits a left ﬁurn only on a green arrow. .Ga&ifeeﬁi&-Biﬂéaéen

aad—yeiiow-amrows. Californla is now using the yellow arrow as
‘a clearance following a right turn greén arrow slince the green
arrow face is usually included in a head that contains the
through traffle circular green. The through green and right
turn green afrow can be on at the same time; but could terminate
independantly. Previously it was necessary to have a "black
clearance” for the green arrow since the circular yellow

could not be used to terminate the arrow without alsoc termi- -

nating the circular green.

VISIBILITY CONTROL

‘It was mentioned prevliously it is sometimes necessary to
restrict visibllity of a signal face to one approach. For
example through traffic should not see the left turn lane
red and yelloﬁ indications. Thils visibility limiting used
to be done by vertical vanes or louvers placed in front of
the lens of the red and yellow signal faces. The louvers
were not adjustable and also cut out part of the light, re-
ducing visibility even in the desired direction. The
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"programmed visibility" signal face permits both vertical and }
horizontal 1imifing. This 1s accomplished by using the principle
of a slide projector. A maskling area 1s located at the focal
plane of the 65t10a1 system consisting of a reflector lamp and

a lens. The area of the scene that the optical system "looks

at" in which visibility is to be restricted is masked offr.

A special front 1ensrdistributes the unmasked light over the
entire 12- incﬁésignal face. This special lens 1s so effective
that a dimming device is required to reduce side visibility of

" the masked signal face at night.

A simpler meaﬁs of visibility coptrol 1s the backplate used
to provide a dark area surrounding the signal faces. Typical
applications are: mast arm signals where the bright sky is a

problem in the day and urban areas where advertising signs

. may compete wi@h the signal for attractlon at night.

PEDESTRIAN SIGNALS

In many instances vehicular signals will also provide satis-

factory pedestrian control. But at traffic actuated slgnals,

where pedestrién traffic is heavy or on wide streets, it is

necessary to uee speclal signals for pedestrians. The special
signals permitfpedestrian phasing that is different than that
for parallel vehicle traffic. For example, a pedestrian "WALK" may
begln with a parallel vehicular green but i1t can end sooner so '

as to provide a longer pedestrian clearance period. -
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The latest MUTCO calls for the old "WALK - DONT WALK"

pedestrian slgnal message but new colors. These are a lunar
white WALK and a Portland orange DONT WALK. These colors
were easy to obfain with incandescent lamps but the manufacturers
are having some problem withrluminous tubing grid as a light

- ' source. First, it is difficulﬁ to obtain the proper srange
o | witﬁ lﬁminous tubihg. In the‘oldér iﬂcandescentrpedestrian
signals the color was determined the same'as in a vehicular
signal, i.e. by tinting the glass lenses. To get orange from
a lumlnous tﬁbing requires the cpmbinétion'of a certain gas
in the tubing and a certaln phosphor coating én the inslde

of the tubing - a rather critical combination to control.

On the othér hénd, the ITE standard permits quite a latlitude
in color ahd tests have indicated that the redder lines are
the most legible. Second, since both the white as well as

the orange tublngs are coated, they reflect back in white at
low sun angles sufficiently bright to cause false indications.
Louvers proveq unsuccessful in eleminating this problem, but

a 3/16-inch cell honeycomb grid 3/8-inch thick placed in front
of the lens and tilted 15 degrees down,has proved to greatly

reduce the problem.

Posslbly the most important problem with pedestrian signals
1s thelr message. How many pedestrians truly comprehend the
short "WALK" and the flashing "DONT WALK", especially when a

parallel vehlcle signal 1is green? Part of this confuslon has
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been eliminatéd by'loﬁvering or programming the vehicular
headé. Buf'tﬁe confusion of the message remains. Some years
back one manufacturer offered pedestrian signals with the
message "LEAVE CURB" and “DONT LEAVE CURB". This makes more
'sense, but 1t was never adopted as a standard. Still another
véndor‘offéred‘a signal with a clock-like device that advised
fhe;pedestriéﬁ.how much time remained in the pedestrian interval - .

"f this signaifhés also disappeéred Now we have introduced Lunar
Whilte ang Portland Orange - two colors strange to most of the

nation 8 pedestrians.
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SIGNAL MOUNTING

Signal heads are mounted on standards and poles in various ways:
post-top, bracket or mastarm. The basic hardware is 1 1/2-inch
pripe and fittings such as elbows, pole clamps and slip-fitters
for post-top and mastarm mounting. In addition, there are
terminal compartments which provide not only terminal strips for
signal lamp wiring but threaded openings to accept 1 1/2-inch
pipe and means fdr securing the compartment on the side of or on

top of a standard or pole.

On wide streets with heavy traffic and protected movements it has
been sometimes found that the most appropriate way to mount signal

heads is to suspend them from a span-wire or a gignal bridge.

BOth means in addition to providing support for the signal heads
offer a means qf getting the conductors across the street without
using underground‘éonduit. Both might give the traffic engineer

a problem insesthetics, especially the bridge, unless some thought
is given to appearance. If span-wire mounting is selected, two
cables should be used: an upper for suppeort and a iower to
stabilize the signal heads in the wind. This stabilizing is
particularly important if programmed visibility signal heads are

to be used.

The MUTCD allows vehicle signals to be mounted as low as 8 feet

and as high as 19 feet. This height is measured from the pavement
or sidewalk to the bottom of the signal head housing. However,

the normal minimum height for post-top or bracket-mounted vehicular
signals is 10 feet, the exceptions being the 4'-6" and 7'-0" used
for left turnrlane signals. Signals suspended from mastarms, span-

wires or signal bridges are in California mounted to provide a minimumr
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: clearance of 17 feet, including back plates.
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STANDARDS AND POLES

Traffic signal heads are mounted on standards and poles of metal,
concrete or wood. These standards and poles can be either

exclusively for signals or for both signals and roadway lighting.

Modern design févors the use of steel or aluminum standards for
signals or signals and lighting. For long term economy‘and

utility the galvanized or painted steel standard is hard to beat.
The aluminum sténdard costs more initially but requires no painting.
Sbme areas prefer the appearance of concrete standards and they

pay for it in high initial cost and expensive replacement of
knock~downs, Thékuse of wood poles is generally restricted to
temporary installafion. However, a properly designed wood pole
might have some charm to an architect in an area where aesthetics

are an important consideration.

~

Mastarms for mquﬁting signals on standards vary in length from

the normal 15 feet to 45 feet. The longer mastarms may hold-up
to two signal heads and signs of a certain sail area. One such
sign is that for left turn movements. Mastarms usually have a2

two-inch end to accomodate a slip-fitter for right-angle or

between face mounting of signal heads.
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CONTROLLERS AND CABINETS

Trafflc signal ﬁéads are switched by unlts called controllers.
Every controller consists of a timing element, light switching

devices; auxiliaries‘and a cabinet. After we continue on, you
will see, i Hope; the advantage in calling the entlire assembly
of cabinet and éonténts the COntrollerf rather than calling Just
la_single piecé 6& equlpment Inside the cabinet the controller.

I prefer to call this one plece the controller unit.

Controllér uﬁité.fall into two general categorieé - pre-timed

and traffic-actﬁated. A‘pre-timed controller unit is one that
operates on ohelor‘more pre-determined time cycles and splits,

or division of,gfeen, yvellow and red intervals. A traffic-actuated
controller unitlis one in which the lengths of the intervals,
normally the green for one or more approaches, variles 1n

accordance with:traffic demands on the“approaches. The yellow

intervals of tréffic-actuated controller unlts are preset.

Pre-timed Controllers )

A pre-timed controller consists of a pre-timed controller unit
and ceftain auxiliaries inslde of a cabinet. The pre-timed
controller unit has a timing mechanlsm and a signal light
switching mechanism. Practically all pre-timed controller units
presently avallable utilize electro-mechanical mechanism.. The
‘most common auxiiiaries are flasher mechanisms, flash and

interconnect relays and time swltches.
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The timing mechanism is powered by a synchronous motor, which has |
an accuraéy as good as an electric clock. The switching mechanismb;
is powered by either a motor or a solenoid, both of which are

simple and reliable.

Early attempts at replacing these mechaniéal devices wiﬁh électroniq
or solid state circuitry have ;esulted in some pretty céstly units.
Tﬁe increase in price rarely justified the sometimes nebulous
=increase in reliability or flexibility of operatibn. However,
recent‘design improvements make solid-state pre-timed controller
units practicable and more competitive in initial cost with the
electro-mechaniéal units. |
_ : Y
Present electro-mechanical controller units offe: up to three
time cycles, oné from each dial unit - the basic timing mechanism.
Each dial unit can be operated on up to three offsets, which will
give you quite a bit of flexibility of oPerationf In addition,
sone manufacturer's dial units now permit provide two or three
splits (of green time) each instead of one. This is accomplished
- by placing six or seven contacts on each dial unit instead of

five.

The only important feature provided by solid-state controller
units over electro-mechanical uniis was the ability to change to
a ﬁew offset bg the shorter time. For example, to change from
a 10 per cent offset to a 90 per cent offset would take a

normal pre-timed unit 80 per cent of the time cycle, disregarding

ClibPDF - www .fastio.com


http://www.fastio.com/

)35

" the effect of offset interruption. A solid-state unit could make
this change in only 20 per cent of the time cycle. Worth paying
for? “ '

Actuated Operatién of a Pre-timed Controller

It is possible t6 make a pre~timed controller operate on a limited
;raffic—actuatéd;basis. By ﬁtilizing certain of the cam circuitry
the entire contféller_can be stopped just before the end of the
Phése A gréen”inﬁérval. It will wait in this condition until an
actuation from'éﬁ oppﬁsing phase restarts the controller. This is
.alquite simple unit but it has a disadvantage, and this is that

d the green inteffals are not variable on the basis of traffic

: voiume._ The entife Phase A green interval must be timed before
the controller unit can respond to demand from other phases, and
only one actuation will result in a complete green interval for

the other phase or phases.

' The dial unit may be left rotating if it is operated in an inter-
connected sYstem; then, the dial unit will remain in synchronization ~

and the Phase A.green interval can begin with the proper offset. .

This type of ope:ation has one disadvantage in that a single
actuation will’déll for the entire actuated phase green. An
accessory proviﬁed by one manufacturer permits incremental green

time for each actuation, a marked advantage.
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rraffic-actuated Controllers

A traffic-actuated controller consists of a t;affic-actuated-
controller unit and certain auxiliaries inside of a cabinet.

. ' The traffic-actuated controller normally does not include a

| signal light switching device. This switching function is
performed by relays external to the cont*oller unit. Note: - the

word “relay" can be used to refer to either an electro-mechanical

or a solid-state device.

Three types of traffic-actuated controller units are présently
available. These are: electronic-mechanical, solid-state and
mini-computer. The last type will be covered in a separate

portion of this course.

The electronic-mechanical unit utilizes electronic circuits and

electronic tubes to do the timing functions. Timing is done by
analog means - that is, 2 time is measured by the period for d-c
voltage to rise to a certain value. A simple resistance -
capacitance circuit in conjunction with a d-c power source and

- a special electron tube comprises the basic timing element.
Timing can be varied by changing the resistance, the capacity or
both. Like thé.synchronous motor this timing element was simple,

although not as consistent or as accurate as the motor.

Electronic-mechanical controller units are available in two-phase,
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three~phase an&'multi—phase models. The multi-phase models can
provide as many as eight traffic phases. In addition, there are
one-phase units, usually referred to as miner or auxiliary move-
ment controller units. These one-phase units could be used in
expanding the caéabilities of the two-pﬁase or three-phase units.
For example: two one-phase units used with one three-phase unit

- could operate a dual left-turn traffic signal.

Then came solid—state traffic-actuated controller units. These

were quiet, they could do anything the electronic-mechanical units
could do and mﬁfe, they cost more and they had problems! Thé

first problem ﬁas that with solid-state switching of signal circuits,
there was no pbéitive means to prevent display of conflicting

green signal indications as was possible by interlocking electro-~
mechanical rela& contacts. This was solved by adding a conflicting
green monitor device (mistakenly called "fail-safe") which "looks
at" the green éignal circuits and placeé the signals on flashing

if a combination of conflicting vehicle or vehicle-pedestrian
signal indicaticns appear. These monitors cannot be termed
"fail—safe“'bec&use they use solid-state devices which could also )

fail,

The second probfem w&s that of transients. Due to the lower .
voltages inhefent in them, solid-state circuits are guite sensitive
to momentary high voltagés or transients., The least harm these
transients would do is to cause false triggering of logic circuits;

this could result in erratic switching of signal light circuits.

’
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The worst harm they have done was to damége solid-state componentéf'
by voltage breakdown. The problem was solved.by,ﬁwo methods or
a combination of them. First, electrical filters were installed
to suppress or reduce the fransients arriving on input circuits
- to a harmless level within the controller unit. In addition,

some units had housings to serve as electro-magnetic shields
against fields produced by transient voltages and the breakdown

~ voltages of the solid-state circuitry was raised to make them
less susceptiblé to transients. The success of these remedies
is borne out by the fact that controller units now accepted by

- the State of balifornia will tolerate a short spike of 300 volts

d-c applied at the peak of the 120 volts a-e input. Other

specifications have raised this as high as 1500 volts.

Now that we've solved the problems of the solid-state controller
unit, let's consider the advantages. These are rather difficult
to identify since in mahy cases solid-state controllers operate
so similarly to their electronic-mehcanical predecessors. 1
doubt if many mbtorists can tell much difference except in the
case of the so-called L.0.C. or Lane Occupancy Controller - there
was no commercial electronic-mechanical L.0.C. But, I see no
reason why there couldn't have been one since electronic-mechanical
controllers were modified to operate in the zone-presence mode -
that is, gap timing was determined by the period that a detection
area was occupied. "All-red" rest has been accomplished in a
two-phase traffic signal by using a three-phase electronic-
mechanical controller unit with the third controller phase as a

"dummy" phase on "recall".
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What happened 11 the case of the solid-state controller units
was that the neﬁer érea t&pe vehicle detectors became availabléf
In other words, gome of the features attributed solely to solid-
‘state conﬁrollefs were moré accurately a result of the new

‘detectors. These features could have also been obtained with the

L]

6ld controlleréﬂused with the new detectors.

' Bﬁt'solid state:contfollers do have other advantageg. One of
‘fhe maiﬁ ones is:the reductidn of hardware - separabte pedestrian

'hintéfval timéré; minor movement controllers and phéSe overlap
relays are no longer needed. Another feature available with
‘some solid-state éonfroller unlts is the ability to alter the
prhase seguence apé phase concﬁrrency. _One controller could serve
a number of appiications. (It should be noted, however, that the
still availablefEagle Signal "Moduvac" modular electronic-
mechanical céhﬁfoller has these abllitles also; Automatic Slgnal's
original 1055 had them to a limited extent). Third, solid-state
controilers'are in some cases smaller‘than corresponding
electronlc-mechanical controllers and in all cases consume less
electrical power-than thelr counterparts, particularly when

minor movement and pedestrian timers are considered.

Probably the moét widely touted superiority of soiid-state
controllers Qas‘éimply the maglc term "solid-state." 1In electronies,
solid-state is I.:'the way 1t is" - see if you can buy a new radio or
stereo with any vacuum tubes in their circultry and in the latest
television sets“the only tube 1s the pictufé tube., But let's

examine the teéhnical reasons for the change to solld-state in
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traffic signal controllers.

"Solid-state" refers to the flow of electric current through a
solid material instead of through a vacuum or a gas as in a
. electron tube. The solid used in solid state devices is a semi-
conductor - poorer conductivity than a conductor such as copper,
- better conductivity than an insulator such as glass. The simples£
devices are two terminals or elements and are like the vacuum diode-
i.e., they pass electric current in one direction only. This
action is called rectification. The next most commonly used
device has althird connection which can be used to control current
flow between the tﬁq elements previously mentioned. This device,

the transistor, can be used in the same type of circuits as

triode vacuum tubes. The early trarisigtors in the low power
types were about the size of a pencil eraser. This familiar
size is still available, but it is now possiﬁle to place a number
of transistors on a small chip of the solid-state material.
Microscopic resistors and capacitors can also be placed on the
same chip and we have an integrated circuit or IC. One IC can
take the place of a large number of vacuum tths and ordinary
~ resistors and capacitors. There is not only a reduction in
size, but also a tremendous cut in power consumption since all
the filaments requried for vacuum tubes has been eliminated.
Here is the big advantage of solid-state contbller units - a
varierty of complex computations'and decisions can be made that
would not be practical with vacuum tubes and ordinary components.

We couldn't afford the size or the power consumption!
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' For exapnle, timing in most solid-state controller units is

now done by digital means - intervals can be timed with high
accuracy and adjusted in discrete, easily read increments. .

Digital timing requires too many tubes to be considered practiable

" in a vacuum tube controller.

Solid-state circuitry in even its present state has proven to -

reduce maintenance - once the initial "bugs" have been eliminated.
Long term maintenance characteristics have yet to be proven.
There is a certain amount of inherent durability in the solid-

state circuitry as used in traffic signal controller units -

-~ voltages are low enough to make arc-over almost non-existent,

operating temperatures are lower because of the miniscule current
requirements of transistors in logic circuits and modern transistors

and integrated circuits are being made with ever improving quality

" control. ' This was not always the case, particularly with inte-

grated circuits - it only required the failure of one cbmponent
to disable of one component to disable the entire IC. Surprisingly,
as the cdmplexity of IC's has increased the price for a particular

configuration has dropped and the guality has been bettered.

Solid-state circﬁitrf is not without its problems ~ the transient
voltage mentionéé previously, heat and maintenance testing. The
operating temperature range of solid-state controller units has
been expanded greatly since they were first introduced, but the

heat problem still appears in certain instances after long-term
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operation. For example, an element of a controller unit that

~ passes the hot and cold test may fail after one and one-half

years of normal operation. How can you predict this? New York
State is writing in Mean Time Between Failure requirements into
their latest specifications ~ can they enforce it, better yet,

can they afford this?

New maintenance techniques are required with solid-state circuitry.
The volt-cohmmeter your maintenance used to find invaluable with
vacuum tubes could murder your transistors. IC's need special
devices to "look at" 14 or 16 terminals simultaneously, fortunately
innovative firms such as Hewlett-Packard have cdme with the necessary

test gear.

In summary, the era of solid-state controller units is here.
Electronic-mechanical uﬁits are becoming more difficult to buy
only two companies make them, but they do not publicize them.
The question to ask yourself at this time is: "Is solid-state

something that we asked for or is it something that the industry

forced onto us?"
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